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This report was prepared by the National Research 
Council, at the reguest of the National Institutes of Health, in an 
attempt to evaluate the Graduate Research Training Grant Program and 
pellowship program in bioscience. One of the purposes of the study 
was to collect objective data that would provide answers to such 
questions as: What have been the patterns of the National Institute 
of General Medical Sciences (NIGns) support to bioscience departments 
by academic field, by geographic region, and by type of institution? 
what have been the effects of this support on PhD production? In 
addition to supplying objective data, the report includes an 
evaluation of the findings and a set of recommendations to the MIGHS 
regarding future policies for the training programs. The report also 
includes an appendix on the history of federal government support for 
research and training in the biomedical sciences, (BR) 
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PREFACE 



Since tlu» Natuitml Institiitoof (tinioral MtnUeal Sinonoos (formerly the 
Division of (Umum'uI MihUcuI SciiMicos) of thu National Institutes of Health 
has provicUnl support to s^'^duate education in the bioniedieal sciences in the 
I'nited States through a (Jraduate Research Training (Jrant Program and a 
Fellowship Program. At the request of the institute, the Natioiml Research 
Couiunl (NU('), through its Oftice of Scientific PersonneK carried out an 
indepenilent evaluative sttuly of these programs for the period H)58 to 10l>7, 
The pi'esent repoil sunmuirixes the results of the study, which has been in 
progress since 1905. 

One of the purposes of the study was to collect objective data that 
would provide answers to such questioiis as: What have been the patterns 
of NUiMS support to bioscienci» departments by academic field, by 
geographic !*egion, and by type of institution? What have been the effects ot 
this support on PhD production? What have been the patterns of NUiMS 
support to graduate students? What have been the effects of this support to 
graduate students? What have been the effects of this support on the percent- 
age of students attaining the PhD, on patterns of post-training employmentt 
and on the quality and amount of research accompliBhed? 

In additi(»n to sui)plying objective data, the report was to include an 
evaluatioii of the findings and a set of recommendations to the NKIMS 
regarding future policies for the training program. Here the services of an 
Advisory C'ommittee composed of biomedical scientists and educatoi's were 
of ciitical importance. Such services were given generously and effectively, 
The members of the committee were: 

John A. D, Cooper, Chninmin, Northwestern University 
H. Orin Halvorson, University of Minnesotii 
Harold J. Hlumenthal, Stritch School of Medicine. Loyola Uni* 
versity 

Peter C. Nowell, University of Pennsylvania 
Gerhard W. K. Plant, Rutgers, The State University 
Fred M. Snell, State University of New York at Butfalo 
Wilson S. Stone (deceased), University of Texas 
Daniel C. Tosteson, Duke University Medical Center 

The Advisory Committee members suggested areas for study, reviewed the 
data that had been collected, evaluated the findings, and formulated the 
recommendations. 

Members of the staff of the Office of Scientific Personnel compiled the 
data, carried out extensive tabulations and analyses, provided statistical 
summaries, and in other ways assisted the committee. Fred D, Boercker, 
Director of Education and Employment Studies, Office of Scientific Person- 
nel, was the chief staff officer for the project during its culminating phase. 
He was assisted by Herbert Soldz, Manager of the Data Processing Section; 
Clarebeth Maguire, Manpower Publications Coordinator; Catherine C. 
Roberts, Administrative Secretary; George Boyce, Senior Programmer; and 
Doris E, Rogowski, Supervisor of Coding and Secretarial Services. Lindsey 



11. Harmon, Diiwiur of lU'Miuuvh, Uim!ti»tt thu ptuj H.a in \U uaiiy jihast^K ami 
proviiitnl advii?i» thvuuRhoiu ilH Ulbtiniu. 8tanli?y F. Bolln, lU^j^i^areti 

lXvvhiU«>j»'i^^» was ivspansiV)lo lot* nuu»h of i\u> mv\y planning' and \\i)\\m\ 
si^nilk'antly to shajK* tlm ^i\\i\y. Jusuph C. lU^yi^is Dop^^^^' IMivc-tor or tht» 
(HTieo of SitkintitW Poiw>nnijli fulluwud tlu.' work ulosuly and uxpudilud it in 
many ways. 

In SiUiUt ion* UaviU Bri^^s. Dopartmont of liiochomi.stry, Univorni- 
ty of Minnt^^sola, and la>uis \\ llollnuui, Maryland llogional Minlk-al 
Pri»)irani, st>rvod as pnaossiinutl conswltants lu thu study. Thuy aidod in 
touhnical planning and in asscnddin^ r(\*ordH and ilata* 

Within tho National Inslituti* i)f (iiMioral MiuMcal Scii»nu»s, tht* staff 
oftu?i»rs tnost tdos^ly asscu'iatoil with i\\v study woro iJ. 11. Urown, 
Assistant IMm*tor for Dporations; iSolomon Sehneyer, Program 
Analysis Hranvh ; Try^fse \\\ Tuvin (*hiof, Ut?.si»arrh Training Grants Uranoh; 
and Uolu^rt H. Mc< -auloy, lh»puty Chiof, Uiwarch Training tirants llranch. 

Dr. Schni\vor was Projiua Ofticor for this j^tudy, and hu was i\spoi*ially 
hulpful in supplying basic data and study ducumonts from NIiIMS to tho % 
Academy staff. 

It is hopwl that thi» .study was sucoossful in i)btaining answi^rs to tht» 
(juestions posi>d and that this report will ho i)f u.so both to {\w acadonur 
comnuuuty aiid to the sponsoring agency. Areas of prograni succe.ss have 
been identified as well as areas where change seems desirablt*. The 
descriptions, evaluations, and recommendations contained here will have 
served their purposi? if they result in recognition that much has been 
accomplished, but that much remains to be dt>ne in achieving the nation^s 
health goals through improved biomedical education. 

John A. 1). (\)oper William C. Kelly 

ChainHiiH, Aili'horjf Connnittiv Ditrvtor, Of^ivv of 

Study ofliesearvh TraiuiHfi Gmnt Pn^ffmms ScieHtiJic Pevsonnel 

March 1969 
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Summary of • The Graduate Research Training Grant Program ol the National 
pTrnwl Institute of General Medical Sciences (NIGMS) provides support for 
findings .^^j^^^^^ student stipends and tuition and for strengthening the depart- 
menta in which graduate training is given. Bioscientists with graduate 
research training of this kind are needed by society to: 

continue the contributions of research in providing a rational basis 
for the maintenance of health; 

orovide staff for medical school departments to increase physician 
manpower to meet rising expectations for the delivery of health care; 
and 

provide faculty for the expanding bioscience enrollments of colleges 
and universities. 

• In providing authority for support of research training, the Congress 
recognized the importance of an adequate number of biomedical scientists to 
meet the nation's needs. In 1958 the Division of General Medical Sciences 
was formed within the National Institutes of Health, and m 1»62 the 
division was raised to "institute" status as the National Institute of General 
Medical Sciences. The NIGMS was to "conduct and support research 
training in the general and basic medical sciences and related natural or 
behavioral sciences." The Research Training Branch was to strengthen 
research institutions and assist in the research training of competent 
graduate students. 

« In 1965, 30 percent of the pre-PhD bioscience graduate students 
received NIGMS training and fellowship grants. These grants accounted for 
approximately 26 percent of all stipend support and 16 percent of the total 
income for these students during 1965. 

• Projection of future manpower requirements is dependent on the nature 
of the assumptions made about key variables. Unassailable quantitat ve 
projections of future need for bioscientists do not exist, but the qualitative 
assessments of national committees and the quantiUtive studies that are 
available all indicate a need for more research doctorates m the biosciences 
durints the coming decade than are now being produced. The existing 
quantitative studies show the projected supply of doctorate-holdmg bioscien- 
tists to bfc about half the projected demand. 
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• Tho nunthcr ami i\w qiuillty «»f stiiduiils hi tho uiuU^i'Kraduuti) bio.sfituu'o 
•*j»i|u»Utn>" st4>m utUnjuato to support u niai'kod iiicruasu in thu pcrcuntagu 
coiitlmiiitij: tutho IMil) without lowci'iiij? quality. 

• Tho m*ont rapid growth of blosi-iitnce onrolhuonts at llu» uiult'i-gi'atluate 
U'vt'l. itoupU'cl with the U'vSs-than-av«raj?o growtli at the (UH'tt)rate lowl, 
iiulii'ates aU»Hs.thaii-a(U»<juat(' numhurot'woll-qualilUHl college ami university 
rttatY available to teach the expanding undergraduate classes. 

• NKiMS .support for gratluate training in the biomedical sciences 
through tralnee.ship and ft^llowship programs varies by academic field. The 
anu)unt of stipentl and ilependi'ncy support, the percentage of d(K!torate- 
granting departments having NUIMS trainees, and the median total numths 
of Aupp(n*t supplied to students all reveal a groat dual of variation among the 
different bio.science fields. 

• Uegitmal distributitui of NI(;MS funds and graduate .student support, 
when compared with bioscii'nce PhD production and graduate student 
eni-ollment, showed the New Kngland and Middle Atlantic states receiving 
proportioiuitely more than the West North I 'entral, West South (Central, and 
M{)untain states. Likewise, private institutions received proportionately 
mor* NIGMi^ supjxn't than public ones. (It should be noted that balanced 
geographical distribution was not a goal of the research training programs.) 

• 0ompari.son8 between departments having NltlMS training grant 
support and departments in matched fields without such support show that: 

1. The gain in average I'hl) production per department between 
1058-1«)(»2 and 106;i-l{U)7 was markedly greater for the NIGMS-supported 
departments than for nonsupported ones; smaller departments show the 
greater percentage increases in PhD production as a result of NIGMS 
grants, but larger departments show comparable gains in absolute numbers 
of doctorates granted. 

2. Full-time graduate .student enrollment in biochemistry depart- 
ments with NIGMS support increased much more rapidly than correspond- 
ing enrollment in biochemistry depsirtments without support (1960 to 1965). 
Non.supported fields (botany and zoology) in the same institutions did not 
show these differences. 

3. The number of PhD-granting departments in the biosciences 
increa.sed by one third during the decade covered by the study. Not all these 
differences should be attributed directly to NIGMS training grant .support, 
but training support was a m<yor factor enabling recipient departments to 
grow as rapidly as they did. 

• Anecdotal reports of training grant program directors and the personal 
experience of the members of the Advisory Committee for this study indicate 
a positive effect of the training grants on faculty, curriculum, and physical 
facilities. Faculties have been increased, new courses have been offered, and 
important items of equipment have been obtained through training grant 
support. Thus, in addition to producing more PhD's, the training grants 
seem to have strengthened the training departments, although the effect is 
difficult to quantify. 

• A total of 28,503 persons received NIGMS training support in the 
period 1958-1967. Of these, 23,380 were "trainees only"; 3,759 were "fellows 
only"; and 1,364 received both tiaineeship and fellowship support. After a 
period of initial growth, the number of NIGMS-supported trainees and 
fellows leveled off in 1965 at approximately 7,700 and 1,100 per year, 
respectively. 

• The typical pattern of support was to u.se traineeship funds to support 
the student during his first one or two years of graduate work and then to 
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8liift him to some otl\ur t'onn of supjjort «uch aa an NICJMvS tollowship or, 
porluipa, a iVHeaivh ussiatuntahip, for the roniuinlng two or throe years until 
iio conipleteU the I'hU. 

• During the course of their gratiuate study, the NUJMS-aupporttnl 
stuiUiUts tUd receive supjM>rt from other sources, but they wero much less 
likely to bo dependent on their own earninjjs or on research assistantships 
than non-N UJMS-supimrted bioscience Mi'aduate students. 

• The baccalaureate-to-Phl) time lapse for NUJMS trauiees antl fallows 
was one to two years less than for non-NIGMS.«uppt)rted doctorate 
recipients in matched tields and from matched grmluate departments. 

• The PhD-attainment rate for NUJMS-supported students comparetl 
favorably with rates reported for other programs in the few similar studies 
available. About 50 percent of the pre-Phl) "trainees only" ultimately 
attained the Thl); 80 percent of the "fellows only" attained the degree, and 
85 percent of the "trainetsfellows" received PhD's. This compared with a 76 
percent attainment rate for all National Science Foundation bioscience 
fellowship awardees who were tlrst-year graduate students in 1955 and 1956 
and a 45 percent attainment rate for National Defense Education Act 
(NDKA) fellowship recipients of the period 1960-1963. 

• The NKiMS training program drew heavily for student input from 
baccalaureate majors in chemistry and other nonbiological sciences. Howev- 
er. mo.st trainees (59 percent) who received PhD's indicated their PhD field 
to be the same as the training field. 

• A larger proportion of doctorate recipients with NIGMS support 
assumed immediate postdoctoral research fellowships than did those without 
this support but from the same group of departments. 

• As the doctorate- recipient group gains professional maturity, it per- 
forms more diversified functions. By 4-7 years after the doctorate, the 
proportion of former NIGMS trainees engaged primarily in research 
(including postdoctoral fellowship research) dropped from 76 percent to 57 
percent. The percentage in administration and in teaching increased. 

• Forty-five percent of the trainees who did not attain the PhlD found 
employment in universities or hospitals and were engaged in health-related 
activities. The training programs are therefore contributing skilled persona 
to the biomedical manpower pool in addition to those who attain the doctoral 
degree. 

• Doctorate recipients supported previously by NIGMS training grants 
produced, on an average, more publications of higher quality (as judged by 
the number of citations to their work in the literature) than those without 
NIGMS support and from matched gradua^e departments. 



SUMMARY OF • Recommendation : Although the rapidly changing character of graduate 

RECOMMENDATIONS education hampered evaluation of the effects of the Graduate Research 

Training Grant Program on total bioscience PhD production, the program 
did have measurable positive impacts on the departments and on the 
students. The program, therefore, should be continued. 

• Recommendation • The number of students supported annually by thp 
NIGMS training grants should be determined by the national need for 
high-level bioscience manpower. Until wide-ranging studies of societal need 
for such manpower for research, teaching, and administration can be 
completed, it is recommended that the results of recent studies be accepted to 
establish temporary manpower goats. These available studies suggest that 
the annual rate of bioscience doctorates should be increased — perhaps 
doubled — to meet future requiren«ents. 
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• ^^^^Mn»UV^<^M,it>^^ The stiiuMul U?vol tot- prt».PhI) NMCJMS tmineef* 
HhtmUl In* jiun*t»astHl. An iintiul iiu'ivnient of 25 porovnt ahtiuld ha nuule, and 
themU'tw stiiwiuis aliouhl bc» I'l^latal u» tluj uost-ol-living iiuU»x. 

• Utjc'ommentiation i A i-ost-ot'-education alUnvant'e oijual at luast in 
amount to tho stip«nti allowance should be provided by NUJMS to be used in 
Improving the research training capability of the department. 

• Kecommendation: The present NIltMS policy of utilizinf? peer judg- 
ment by t^ompettMit blosclentists in the solectitin'of review and advisory 
committees shouhl be continued. However, broader representation of the 
bioscience professional ccmimunity should be sought in such consultation. 

• Uecommendation : It should be possible to move .students on and off 
training grants as local conditions demand. Any student who has been 
supported at autj th>n' by the training grant should be credited to the 
training grant program when evaluating the effectiveness of the program. 

• Recommendation: Present NIGMS policies, which (1) emphasize pre- 
doct(«'al training; (2) attempt to balance support between on-going pro- 
grams and new programs in departments where quality can be developed; 
and Ci) continue departmental support for new programs for a minimum of 
five years, are effective and should be continued. 

• Uecommetidation : The NICJMS Graduate Research Training Grant 
Pi'ogram should have among its goals that of providing an opportunity for 
the educationally and culturally disadvantaged to pursue careers in biomedi- 
cal research. It should be recognized that such students may require more 
support than currently enrolled students. Such programs should be evaluated 
carefully to see that they have attained their stated objectives, making 
allowances for the beginning level of the students. 

• Recommendatioti : Periodic evaluation of the NIGMS training program 
is desirable. Future evaluation would require the continued collection of data 
describing the various aspects of the program, including quality aspects, as 
objectively as possible. However, there will continue to be a need for expert 
subjective evaluation of these programs. 
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The Graduate Research Training Grant Program of the National Institute 
of General Medical Sciences (NIGMS) provides support for graduate student 
stipends and tuition and for strengthening the departments in which 
graduate training in the biomedical sciences is given. Training grants are 
designed to increase the number of research-trained bioscientists and to 
enhance the duality of their education. These scientists are needed both to 
achieve the biomedical research goals of the nation and to provide an 
important source of faculty for the expanding enrollments of colleges, 
universities, and medical schools. 

The immediate purpose of this study was to collect and analyze data 
that would de.scribe objectively the accomplishments of the NIGMS trainee- 
ship and fellowship programs during the past decade. This information was, 
in turn, to provide a basis for recommendations concerning policy decisions 
affecting these programs. However, the study has broad implications for 
biomedical education in the United States and for its contributions to 
national needs. The period covered by the study was one of rapid expansion 
of higher education, especially graduate education; it was one of rapid 
change in national goals for science; and it was a period in which the 
emphasis of Federal support to graduate education began to change 
radically, including changes in fellowship and traineeship support. The 
recommendations growing out of this study are based on the evaluation of 
the accomplishments of the NIGMS training programs over the past decade, 
and also on the projections of the need.s and functions of these programs in 
the coming decades. It is first necessary, therefore, to examine the national 
goals toward which the training programs have been directed and to become 
aware of the milieu within which they have operated. 

S 
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NATMUNAL <;()ALS Hionu'dical scUiiUlsts pt'ii'orni a wi(lt> vaiiotv of fuiu'tions, and thoy provUlf 
FOa UUI.UI*:i)l<:4L «|wi«t>7vit.h many critically umUnl st«rvioos. Anions tho most iniportaiU of 
l<'lli;r . aoMhI \m^dA sitvciI aro: (1) contributions of biomcclical ruwarch, not 

r.w t I iwi^ only in actiuirin^j; a bottt^r undorHtanding of living systonis and disoasc and 
providing a more rational basis for the maintenance of health, but also in the 
miprov(mient of man's envirt)nment. (This research is at the cutting edge of 
modern science. It is. an undertaking with great social relevance.); (2) staff 
lor .schools of the health professions to permit them to increa.se the 
ma!ip«)wer needed to meet society's rising expectation for better health care; 
and («) taculty for teaching the rapidly expanding numbers of students of 
the biosciences in colleges and universities. 

Kvery national asse.ssment t)f health needs in the Unitetl vStates has 
identifiwl traineeship.s and fellowships as important mechanisms for increas- 
ing the quality and (juantity of research-trained bioacientists to meet the.se 
needs. The following statements from committee reports suoiwrt these 
views. ' ' 

• Keport of the Committee of Consultants (m Medical Ue.search to the 
Subcommittee on Departments of Labor and Health, Education, and 
Welfare (1 960) 

The Committee of Consultants began its review of the Federal 
prograni in .support of medical research with certain assumptions 
\vhich It tound to be sound on the basis of information obtained and 
the opinions heard in the course of its survey. These assumptions 
have now become firmly held convictions. 

(1) The health of the people is the greatest resource of the Nation, 
absolutely vital to its welfare, economy, and security. 

(2) The present state of the Nation's health, although greatly 
improved since the beginning of the century, is still far from the goal 
of assuring that as many of our population as possible live full and 
active lives, not warped or blighted by disease. . . 

(3) The only way we can hope to lessen this burden in the future is 
through progre.ss in medical research and the practical application of 
research findings. *^ 

(4) Medical research has already proved its value in both humanitari- 
an and economic terms. . . 

(5) The American people have demonstrated through their Congress 
and through their private voluntary contributions that they consider 
It essential and urgent to support a determined attack on the dread 
diseases through research. 

(6) The magnitude of that attack and the program of medical 
research to be supported v.'ill be determined by the degree of urgency 
felt by the people of the United States in obtaining answers to the 
problems of prevention and treatment of serious disease. The 
Committee believes the urgency is such that it can be satisfied only by 
the maximum utilization of the medical research potential of the 
country, as well as the contributions of competent investigators 

The research grant, training grant, and fellowship programs of the 
National Institutes of Health over the past 15 years have constituted 
the most important single force in raising the standard of medical 
research, teaching, and practice in the United States to its present 
high level. It is of paramount importance that these programs receive 
support in proportion to the rate of growth anticipated. 



'U.S. Conffress. .Senate, Federal Siii,,mf of Medical licKenrrh. 86th Cong., 2d .Sess 
•May 1960 (Washington: U.S. Government Printing OfHce, I960). Introduction, np. xxv 
xxvi. ' 
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• Tht' PresiiU>iit\s Cuniniission on Iluart Uisuuso, Cancor and Stroke) 
(IJHJ4):-' 

Many taclors innnbino to increase the demand for mUlitional manpow- 
er across the entire ran^e of the health sciences. The i?x|>anding 
population, the rapid growth of itiA agintf component, and other social 
fori'es are creating demanils fi)r medical care far beyoml the present 
caipacity of practicing health nrofessionals. The swift growth of 
biomedical sciences creates parallel demands for increasing numbers 
of highly trained scientists, Moreover, developments in both research 
and the practice of medicine have led to the creation of new technical 
and supporting disciplines— essential to high-quality work— which 
are in vc?ry short supply. 

The t:ducation of a physician or a research scientist requires many 
years. This lo ig lead time precludes overnight attainment of manpow- 
er goals. But action now is essential if we are not to drop still further 
behind. Faced with overwhelming needs and inadequate resources, the 
C'ommission recommends programs of intensive effort for manpower 
development. 

Research is conducted by the minds of trained scientists, It is in the 
national interest, therefore, to insure a continuing and expanding 
supply of biomedical scientists adequately trained to guarantee the 
quality of health research tomorrow. 

The funding instrument most suitable to the task of assisting the 
university, or other research-educational organizationj in providing 
such advanced training is the **training grant/* This instrument 
permits local identification of young men and women with research 
potential, provides them with appropriate stipends and, equally 
important, by diverse means assists the institution to improve the 
quality of research training while enlarging its capacity for so doing, 

• Report to the Committee on Science and Astronautics, U.S. House of 
Representatives, by the National Academy of Sciences (1965) 

The biomedical sciences are concerned with man. Their objectives are 
elimination of abnormalities, prevention or cure of diseases, and 
prolongation of lives. 

More students of high intelligence and promise are needed in both PhD 
and M D educational programs. Additional Federal support for doctoral 
education and post-doctoral training is recommendea. 

• A Report to the President on the Reseai^h of the National Institutes 
of Health (1967):^ 

In the long run the state of health in this country and the individual 
citizen's prospects for a long and productive life depend on the 
initiative and imagination with which our scientists and research 
workers pursue the advancement of knowledge and the conquest of 
obstacles that bar its fullest utilization. Thus the basic strategy of our 
Federal health effort is to emphasize those activities, such as 
research, which, in the long run, will improve in a fundamental way 
the health prospects of the Nation. 



'A SnfiotntI l*rof/vattf to Contfitet' Heart Dinpane, Co}irrr and Stroke, I (WuHhini;- 
ton: U. S. Government Printing Office, December 1964). Part ii. Chapter vi, p.53. 

'^^itasir Rturarrh ami Satioml (ioah (Wushin^^ton: U.S. Government Printing 
Office, Umo), p.m. 

*U.S. Department of Health, Education, and Welfare, July 1967, Th<' Advancement 
of Kftowlt'dffe for thv Sation'ti Health (Washington: U.S. Government Printing Office)* 
LetttT of transmittal of the report to the President. 



TABLE 1 

Numbn of Bkiniedical Sci«ntUt« with HO) Degiee in RcMaxeh and Teaching (1960 and 1965) and Piedictioni for Fu<uie Naeda (1970 ind 
I97S) 





Number of Biomedical Scientists with a PhD Degiee 




1960 
(Actual) 


1965 
(Actual) 


i970 
(Projected) 


1975 ^ 
(rrojecieo) 


■ — 1 ^ — ..II 

TOTAL 


16,000 


20,400 


28,000 


38,500 


M£DICAL SCHOOLS 

Basic Science Departments 
Clinical Departments 
New Medical Schools 


4,100 
1,800 


5,500 
2,200 


7,300 
3,000 
1.000 


9,700 
4400 
1,600 


DENTAL SCHOOLS (RESEARCH) 


700 


900 


2,100 


3.000 


VETERINARY, PUBUC HEALTH, AND PHARMACOLOGY SCHOOLS (RESEARCH) 600 


1.000 


1,600 


2.100 


NONMEDICAL SCHOOLS (TEACHING BASIC SCIENCES) 


3.100 


3,800 


4.400 


5.900 


NONACADEMIC INSTITUTIONS 


S,ltO 


6,200 


7.200 


9,800 


SUPPORT FOR HEART DISEASE, CANCER AND STROKE, AND REGIONAL 
MEDICAL PROGRAMS 






200 


SOO 


ATTRITION 


600 


800 


1,000 


1.400 



"Data for 1970 and 1975 and projections based on 19604965 increments. 



Source: Brown and Stone, The Journal of Medical Education. XLtt, No. 6 (1967). 



Each of the above statements implies a need for increased numbers 
of biomedical scientists if national health care requirements are to be met. 
Can the magnitude of this need be quantified? Projection of manpower 
requirements is an uncertain and perilous process, wholly dependent 
on the nature of assumptions made about trends in a series of key variables. 

One estimate of the magnitude of the need for biomedical research 
manpower has been made recently by Brown and Stone."' (See Table 1.) 

They conclude that: 

Calculations from these data indicate that the caverage annual 
increment required between 1960 and 1965, 1965 and 1970, and 1970 
and 1975, to produce the needed biomedical personnel is 850, 1500, 
and 2100 individuals, respectively. In contrast, the average annual 
PhD production in the basic medical sciences for these 3 five-year 
periods is 637, 800, and 975, respectively. 

The projected supply of bioscience PhD's, according to their study, is thus 
about half the projected need. 

A second estimate of future need for biomedical manpower has been 
published recently by NIH." The NIH "best judgment" projection (1966- 



'M.H.U. Brown and Frederick \.. Stone, "Manpower in the Basic Medical Sciences," 
Tlic Jonmal ofMrdlrnl Kdiieution, XIJI, No. 6 (1967), p. f)C)3. 

"U.S. Department of Health, Education, and Welfare, A'« «o«rw« for Medical Re- 
tivoffli: [iiomcdirol MuHttotrcr for '/<«■ I'Slgliiion (\Vu«hinBton: U.S. Government Printing 
Office, 1968). p 40. 
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1085) indK'attJ« a lu'ud for almost 100,000 now PhD's during the 20*year 
purioil foi* biomedical rmwirch. 

Although not concorned primarily with bioscienct; manpower, the 
rectmtl^v published report of the National Seionee Board" projects the 
expenditures for grmluate education In the United States <o rise from $7 
billion In 1070 to $10 billion In 1980. 

It la not within the domain of this study to evaluate the soundness of 
the assumi)tion« and the resulting accuracy of the above projections. 
However, these are the mo.st complete and pertinent studies available. The 
statistics they present all Indicate a na^d for more bioscience manpower at 
high levels of education during the coming decade than Is now being 
produced. These data agree. In turn, with the qualitative comments quoted 
previously. Until additional authorltiitlve Information becomes available, the 
» present studies would Indicate a need to Increase the number of persons in 

graduate training In the biosciences. 



FEDERAL Support for research and development by the B'ederal Government comes 
PROGRAMS recognition of the Importance of science and technology to the 

welfare and security of the country. Relatively little support was made 
available by Congress before World War I. Contributions to the country's 
defense by scientists during that conflict stimulated considerable govern- 
mental support of research-and-development projects, both military and 
civilian. Federal Interest and fUnds for such purposes continued to increase 
during the postwar period of the 1920's. However, It was left largely to 
private philanthropic organizations to provide the major support of basic 
research during this period. After the depression of the early 1930'8, the 
pattern of supjwrt gradually changed from the private to the public sector, 
and this trend was greatly accelerated during World War II. 

Meanwhile, the scene and responsibilities of the Public Health Service 
(PHS), established In 1912, were broadened by Congress to Include support 
of research training. In 1930, the Hygienic Laboratory was redesignated by 
an Act of Congress as the National Institute of Health (NIH). In this 
legislation (PL 71-251) the first authority was given for the establishment of 
fellowships within the NIH. The Institute was authorized to assume training 
responsibilities In the area of Its Interest. 

By 1950, seven Institutes had been authorized and established as 
components of the "National Institutes of Health." These were: 

National Cancer Institute 
National Institute of Mental Health 
National Institute of Dental Research 
National Heart Institute 

National Institute of Allergy and Infectious Diseases 
National Institute of Arthritis and Metabolic Diseases 
- National Institute of Neurological Diseases and Blindness 



The authority for the support of training and Instruction was rather 
specifically pointed to "pioftsslonal training related to the cause, prevention, 
methods of diagnosis, and treatment" of the particular disease or group of 
diseases constituting the scope of activity of a particular institute. Restric- 
tions In the responsibilities and prerogatives of the Institutes arising from 
their "disease orientation" or categorical designations severely restricted the 
areas of training that could be supported by an Institute. To'^make possible 
training programs and research programs that were concerned with the 
problems of more than one Institute, and not necessarily categorically 



"National Scionco Board, 196!*. firailiiiitf hihivufioii: I'nmmetvfH for I'liMie I'olicu 
(VVashingtons {'..H, (iovcrnmvnt i'l inting Officio, p. 159. 
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TABLE 2 

Compaiiion uf NIGMS and NIH 
Appiopiiatioiu for Tnining, 
F«Uowihip, and Rewareh Gnutto, 
Fiscal Yean I9Sft'1967 
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oi'ionlwl. a luiw Division in the NIII. the Division of Guneval Modical 
hcuMit'os (DtiMS). v.'us fovnicd by congi'ossional diructive in Juno 15)r>« It 
was establishod t« pnmioto "research and training through grants in all 
snentitic Holds basic to general medicine, aging and public health, including 
the clinical and pre-clinical sciences." Thus, for the first time. (Congress 
directed the Public Ihialth Service to supjiort training in the basic sciences 
without nujuiring that this training be associated with a particular disease 
or condition. 

In 1})«2. under PUS Act Amendments (PL 87-8JJ8). the Division of 
C.eneral Medical Sciences became the National Institute of (leneral Medical 
Sciences. Section m (d) of this act stipulated that the phrase "research or 
research training projects" be used to replace the more limiting phrase, 
research projects." contained in the original, thereby providing more 
explicit legislative authority for the training programs of the entire Public 
Health Service. 

The major goals of NIGMS have been stated by its director Frederick L 
Stone." 

« 

The Division of General Medical Sciences is the principal unit of the 
National Institutes of Health responsible for research training and 
fellowship programs in the fundamental biomedical and health-related 
sciences. These training programs are designed to help meet the 
requirements tor training scientific manpower in the shortage areas 
vepresejited by the fields basic to medicine and health, and to help 
meet the growing needs of the Nation's medical schools and other 
research institutions for academic and resejirch personnel in both 
present and future faculties. 

The goals of the work of the Research Training Branch of the Division 
can be summarized as follows: 

To strengthen research institutions and increase their potential for 
training scientists; 

To assist in the continuing research training of competent, highly 
nriotivated .students through the graduate and professional schools of 
the universities; 

To expand the opportunities for intensive training of predoctoral and 
postdoctoral candidates in additional research institutions wherever 
appropriate; 

To provide increased numbers of stable career opportunities for 
scientists of superior potential and capability in the sciences related to 
health; and 

To encourage and support the greater utilization of training manpower 
to improve the teaching and training functions of the universities and 
research institutions. 

Thus the training programs are expected not only to prepare biomedical 
research scientists but also to provide the faculty for medical schools, 
college.^, and universities. 

Since 1958. DGMS and NIGMS grants have constituted a major 
source of support for graduate students in some 30 disciplines in the basic 
medical sciences. Table 2 compares expenditures for such supjwrt by NIGMS 
and by all of the NIH. Between 1958 and 1962. NIGMS accounted for an 
incmi-smg percentage of total NIH appropriations, but between 1964 and 
1967. the NIGMS proportion of the total NIH appropriations decreased for 
both research and training grants. Although NIGMS accounted for 22 
percent of the NIH money appropriated in fiscal year 1966 for traineeships 

f .v'*^"- Kducalion. and Welfare. ftm«,r/» Tminhiy I'roammH 

of the Uivisjon of i,mm'u\ Mcdn-ul Sciences (Public Health Service. 1U62) Publication No. 

ol>;>, p|),V*VI. 
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and fellowships, they supported «4 percent of the .s;/^^</*'>//n receiving MH 
truininK and fellowship aid. This is partly explained by the fact that MCtMb 
supfwrt is largely for predoetoral students, and other institutes have more 
postdoctoral students with higher stipends. „ , , . 

More detailed historical information about federal programs for 
suiHX)rt of graduate training in the biometUcal sciences is presented in 
Appendix A of this report. Table Al .shows that of the 14,216 graduate and 
postdoctoral students in the health sciences supported by all I'ederal 
agencies in fiscal year 1967, the NIH supported 10,744, or 75 percent ot 
these Therefore, since NIGMS accounts for approximately one third of the 
total NIH effort, NIGMS funds account for approximately 25 percent of all 
Federal traineeships and fellowships. The only other Federa agency 
supplying appreciable support to the biosciences was the National hcience 
Foundation, which supported 1,179 persons, or 8 percent of those supported 
by the Federal Government. 



GKAIHJATK 
EDUCATION IN 
THE BIOSCIENCES 



Biomedical scientists receive their advanced education in the graduate 
schools of the nation's universities. The past decade has been a period ol 
rapid growth and change in graduate schools, ^^ese changes provi^^ 
shifting backdrop against which the effects produced by the MGMS training 
program must be measured. If graduate education had been m a steady 
state, or in a more steady and even state of growth, it would have been much 
easier to evaluate the effects of NIGMS training programs on the course of 

development. But such was not the case. 

During the ten-year period, 1958 through 1967, the number of re- 
search doctorates awarded more than doubled (Table 3). Growth occurred 
in each of the seven summary fields shown in the table, but the rate of growth 
varied. Engineering led with an average rate of increase of 17.1 percent per 
year, almost double that for all fields (9.8 percent per year). The physical 
sciences, arts and humanities, professional fields, and education increased at 
about the average rate of 10 percent per year, and the social sciences and 
biological sciences experienced an 8 percent per year increment. 

Although the growth rate in doctorate production for all biological 
sciences combined was somewhat below average, e^a^^ination of the fi^^^^^ 
within the biosciences reveals a great variety m growth rate for individual 
disciplines. The newly emerging field of biophysics shows the most dramatic 
rite (almost 19 percent per year). Older fields, such as anatomy and 
physiology, which have developed new and exciting approaches m their 
LearchT have had a renaissance in recent years. Recognition of the 
importance of knowledge about large biological systems m the face oi 
mounting concern about our environment is attracting students into 
ecology.' Biochemistry, even though modern in its approach, had already 
reachi a level of maturity earlier. Botany, zoology, and the agricultural 
sciences have not grown as rapidly as the other biosciences. 

The footnoted fiblds in Table 3 are those that have received appreci- 
able amounts of NIGMS support through training grant or fellowship pro- 
grams. The reader should be wary, however, about judging the effects of a 
training program simply in terms of these growth rates The effect of the 
training program on doctorate production is really the difference between 
the observed growth rate with the training grants, minus the growth rate 
which would have resulted h«d the grants not been available. Biophysics 
very likely would have experienced an increase even without traineeship ana 
fellowship support, but probably somewhat less than the observed 19 per- 
cent. Likewise, microbiology may have fallen even below its observed 6.6 
percent rate without such support. A more careful study of the effects of 
NIGMS training grants on doctorate production in aepartments is presented 
in Chapter III (Figiire 9, Table 10). 
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FIGURE 1 ^ 
Bioscientists as a percentage of all scientists awarded a research doctorate in fiscal year 1968 and as a 
percentage of all scientists with research doctorates in the 1968 National Register, 



RESEARCH DOCTORATES AWARDED 
IN SCIENCE. BY FIELD. FY 1%8 



SCIENCE RESEARCH DOCTORATES 
IN 1968 NATIONAL REGISTER 




X— Biosciences & 
Health Sciences 



— Agricultural 
Sciences 




Biosciences & 
Health Sciences 



Agricultural 
Sciences 



Source: National Research Council, Office of Scientific Personnel. Doctorate Records File. 

National Science Foundation, Reviews of Data on Science Resources (No. 16, December 1968). 



Graduate Enrollment 
and l*hl) Production 



Almost one fourth of all acienee I'hD's granted uiui one sixth of all I'hD's in 
the National Regi.ster of Scientitie and Technical I^m-hoiuioI are in the 
bi«)sclencea. Kxchuling agricultural fields, bioscientists ueeounted for 12 
percent «)f (tU PhD's granted in fiscal year 19(57 and 2:i perceiU of the 
total aeiowc I'hD's for that year." In comparison, the l%a National 
Register of Scientific and Technical Personnel maintained by the National 
Science F'oundation lists over 111.000 PhD scientists, and 22,344 of thost 
(20 percent) are nonagricultural bioscientists (Figure 1). 

In addition to the 22,»44 PhD bioscientists. the Register includes 
7,456 bioscientists with professional doctorates such as the MD. However, 
this total of 30,000 persons represents less than 0.3 percent of all professional 
workers in the United States and a mere 0.03 percent of the total labor force. 

Examination of data describing trends in graduate enrollment and PhD 
production reveals that Federal support, which has been directed primarily 
to science and engineering, has not destroyed the balance among the various 
academic fields (see Figure 2 and Table 3). 

Tne disti-ibution of graduate student enrollment and PhD production 
has demonstrated a remarkable stability. Kven though the sciences have not 
dominated graduate education, it does not follow that Federal support for the 
sciences and engineering has had no impact, but its conscijuences are 
complex and moderated by the nature of educational institutions. Availabili- 
ty of Federal funds for graduate programs in science has permitted 
universities to use other funds for disciplines with less support, such a.s the 
arts and humanities, and thus maintain balance in development of the 
institution. 

On a lesser .scale, the NIGMS training grants to bioscience depart- 
ments have had similar effects. These funds, although restricted in their use 
for specific programs, do free other departmental funds for other uses. 
Students not supported by the grant benefit indirectly. The strengthening of 
the department through an increase in faculty size and the acquisition of 

''National AviuWmy of i<ck<m'V^. Summarn UrpntI tim. DnftoraU- U'ci-ipU-nln p-nm 
{'niti-ii Stuh « CtiivfiniticH (VVu.shiiijjtoii: Nutioiial Academy of Sriencos. li«>8). 



FIGURE 2 

Trends in graduate enrollment and production off research doctorates (PhO's) 
by broad academic field. 



GRADUATE ENROLLMENT 



PhD PRODUCTION 





FY 1961 FY 1964 FY 1966 



FY 1958 FY 1963 FY 1967 



Undergraduate 
Supply 




NONSCiENCEFiELOS 




SCIENCE FIELDS 



Source: U.S. Office of Education, Enrollment for Advanced Degrees (publication series 
OE-54019). 

National Research Council. Office of Scientific Personnel. Doctorate Records File, 
equipment from grant funds benefit, all persons in the department This 
cannot have other than a desirable effect, but it does pose obstacles to easy 
assessment of the training grant programs. 

Growth of graduate student enrollment and PhD production in a field 
depends obviously upon the availability of potential graduate students in 
undergraduate programs. If one goal of the NIGMS training grant program 
is to increase the number of doctorates in the biosciences, there must be an 
adequate number of able undergraduates capable of undertaking graduate 
work. To determine if this pool of students is available, it is important to 
know both the number and quality of bioscience baccalaureates who might 
enter graduate work. 

Bioscience graduate students are not as homogeneous in baccalaure- 
ate background as those in other natural sciences, and few studies report 
ability measures of bioscience baccalaureates. Slightly more than 60 percent 
of the bioscience PhD's were bioscience majors as undergraduates. In 
contrast. 75 percent of the physics PhD*s and 85 percent of the chemistry 
PhD*s were physics and chemistry majors, respectively, as undergradu- 
ates.^^^ The data in Table 4 indicate relative sizes of the baccalaureate 

^^Dovtomie Recipients fratn thiited Sfa*CH Universiiies^ 1958-1966 (Washington: 
National Academy of Sciences, 1967), pp. 45 and 252. 
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TAILE4 

BkMcknce Degnet Awuded, Fiscal Yean 1961-1%7* 



Bioscience Bioscience Bioscience 

Baccalaureates Master's Degrees Research Doctorates 

Piical 

Year Number %AilBacc. Number % All Master's Number %AllPhO*8 



1961 


27,579 


8 


4,004 


S 


1,344 


13 


1962 


28,375 


7 


4,293 


S 


1,506 


13 


19C3 


31,092 


8 


4,945 


5 


1,611 


13 


1964 


34,398 


7 


5,596 


6 


1,846 


13 


1965 


36.888 


8 


6,134 


5 


2,103 


13 


1966 


42,064 


8 


7,102 


S 


2,297 


13 


1967 


44,991 


8 


8,420 


5 


2,515 


12 



^Bioxcience includes all biologicd and health science specialties but excludes agriculture and forestry. 



Source: U.& Office of Education, Earned Degrees Cor^mU, Publkation series OE*S4013. 

Natbrntd Research Council, Office of Scientific Personnd, Doctorate Records File. 



bioscience pool and the doctorate output for the years 1961-1987. Chemistry 
majors also constitute a large source of graduate students in the biosciences. 

The number of bioscience PhD's is about 9 percent of the number of 
baccalaureate degrees awarded 5 years earlier. For physics and chemistry 
this proportion is 15 to 20 percent. Therefore, if the quality of the bioscience 
baccalaureate group is good, an adequate number of graduate students 
would be available for a substantial increase in PhD output. A recent study 
by the National Opinion Research Center (NORC) of June 1961 U.S. college 
graduates indicates that bioscience baccalaureates compare favorably in 
academic performance with those from other disciplines.' ' In the study 
academic performance was measured by a weighted grade point average 
called the "academic performance index." The weightings were designed to 
equate grades in different subjects within institutions. The results are given 
in Table 5. 

Between 19 percent and 26 percent of the bioscience baccalaureates 
ranked in the top 20 percent of all graduates based on the academic 
performance index, and between 58.9 percent and 56.8 percent were above 
the 50th percentile. By this measure the bioscience group has proportionate- 
ly as many able students as most other fields. Therefore, an increase in the 
number of graduate students in the biomedical sciences is possible without 
sacrificing quality^ 

A summary of data available from the U.S. Office of Education 
concerning growth of undergraduate and graduate enrollments and degrees 
for the past decade shows the following paltern of increases during the 
period indicated: 



Biosciences 

(excluding health & agr.) All Fields 



College freshmen 1958-1968 N A + 93% 

Baccalaureates 1958-1967 + 101% + 66 

1st year grad. students 1961-1968 + 113 + 117 

Master's degrees 1958-1967 + 163 + 141 

Research doctorates 1958-1968 + 136 + 159 



These data show that the biosciences have been growing much faster 
than the total of all fields at the undergraduate level; ihkv have kept pace 

James A. Davis, Great Aspirations: Volume One^ Career Deaniona and Eduea^ 
tianial Plana During College, National Opinion Research Center (University of Chicago, 
March 1963). 



TABLK S 

Mfcentagc of June 1961 Bachdon^ by Undoignduate Major and Academic Ptorfonnance Index^ 



P^icentage of Bachelors Grouped by 
Academic fcrformance Index (in percentiles) 



Undcrgraduattf M^or 


Total 

Number 

(100%) 


lst-20th 
PcicentUe 


21st-49th 
Ftoicentile 


50th and lower 
FMcentile 


BIOLOGY 


1.3t8 


19.0 


39.9 


41.0 


BIO« or.ICAL SCIENCES^ 


738 


26.0 


3a6 


4j.j 


PreMEDICAL 


487 


32.2 


49.0 


18.6 


OTHER HEALTH 


1,753 


18.1 


424 


39.3 


AGRICULTURE 


734 


8.9 


28.8 


62.1 


CHENUSTRY 


1,482 


27.7 


36.1 


36.1 


PHYSICS 


830 


43.2 


28.3 


284 


MATHEMATICS 


1,298 


31.1 


33.5 


3S:2 


OTHER PHYSICAL SCIENCES 


467 


18.2 


38.3 


434 


ENGINEERING 


4,967 


19.7 


34.6 


45.6 


PSYCHOLOGY 


1,336 


25.3 


37.2 


374 


OTHER SOCIAL SCIENCES 


4,334 


21.6 


38.9 


394 


HUMANITIES 


8,560 


304 


38.5 


31.0 


EDUCATION 


14,393 


12.7 


39.8 


474 


BUSINESS 


7,038 


8.5 


30.1 


61.3 


OTHER PROFESSIONS 


2,081 


14.7 


33.9 


51.2 


NOT ELSEWHERE CLASSIFIED 


679 


13.1 


25.4 


614 



^Percentages may not sum to J 00 because of rounding. 

Anatomy, biochemistry, botany, biophysics, entomology, genetics, microbiology, pathology, pharmacology, physiology, zoology, and other 
biological Kl^nceiL 

Source: Davis, J. A., Great Aspirations: Volume One. p. 538. 



with the total in the first-year graduate enrollments and master's degrees; 
but they lag in the production of research doctorates. This lag. at the doctor- 
al level, is not only of concern in terms of research, but it restricts the num- 
ber of well-qualified staff available to teach the rapidly expanding under- 
graduate classes in the biosciences. 

Training grants constitute only one type of support for graduate education. 
There are, in addition to personal sources of income, at least four types of 
support for education and training beyond the first degree. These 
are: training grants, national fellowships, research grants (which lead to 
employment of graduate students as research assistants), and university 
fellowships or assistantships. Each of these provides a different kind and 
form of support. In evaluating the NIGMS training grant program, its 
impact on the quantity and quality of personnel available for research in the 
biomedical sciences, and the capabilities of educational institutions to 
provide these educational opportunities, some comparisons must be made 
among the possible methods of support. 

Training grants are oriented primarily toward research training. 
TMey permit the departments great flexibility and responsibility for the 
design and operation of their programs. Trainees, typically first-year 
graduate students, are selected by the local program director. Cooperative 
efforts of a group or all the faculty in a department are a necessary 
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Types of Support 



prmuiuiHilM for a grant. In somu casus, inti^nliseipllnary cooperation is 
involved. Training grants piH)vldo funds for tho dcvelopmtMit of faculty and 
facilities as well as stipends for stude?Us, Opportunitiua to improve weak 
aspects of graduate programs heeonu! apparent. 

Natio!ial and university fellowships and asslstantships supply studeia 
stipends. Although there is no direct support for the develo})ment of the 
department or area in which training is pi'ovided, the cost-of-education 
allowance does supply funds that can be used for such purposes, The national 
fellowships that are awarded on the basis of academic ability usually have no 
limitations on the area of study, except for the broad tield. National 
fellowship holders usually seek training in strong department" luid thus 
make little contribution to improving the quality of the graduate student 
group in less-distinguished departments. Bioscience fellows are typically in 
their second or third year of graduate work and are generally a more select 
group that the first-year trainees. 

Research grants are directed toward the solution of specific problems 
and thus are only .secondarily related to education and training.* Thej^ are 
usually ^ulmini.stered by a single faculty member and are not generally 
concerned with the over-all strength of education and training in the 
department. The allocation of faculty support and funds for supplies and 
equipment is determined, quite properly, by the requirements of the 
problem. Students may receive support from research grants, but their 
status is more that of an employee than a trainee. 

Graduate student support occurs in different mixtures among 
universities and among disciplines within a university. The mixture of 
support affects the quality and productivity of training programs for the 
PhD, since it is clear that graduate education is intimately related to other 
activities and resources of a department. There must be an adequate level of 
research to attract and retain a competent faculty. Facilities and equipment 
must be appropriate to the needs of the discipline. This has been recognized 
by NIGMS in its selection of methods used to assess the potential of a 
department to carry out the purpose of the training grant program. 

To give some further perspective of the NIGMS training grant 
contribution to graduate education in the biosciences, it is of interest to 
make comparisons of NIGMS expenditures with certain total higher 
education budgets. In fiscal year 1967, NIGMS spent $63 million on training 
grant and fellowship programs. This was 47 percenl of its total appropria- 
tion for that year, but it represented only 6 percent of the total NIH annual 
budget'*^ and only 0.7 percent of the $9.6 billion **education and general" 
expenditures of higher education for fiscal year 1966.^** There are no reliable 
estimates available thai would indicate what portion of the $9.6 billion was 
used for bioscience graduate education, so it is not possible to say what 
fraction of all bioscience graduate education was supported by the $63 mil- 
lion in NIGMS grants. However, it is possible to provide rough estimates of 
the percentage of all bioscience graduate students supported by NIGMS and 
the proportion of their total expenses derived from NIGMS funds. 

Data from this study show that in fiscal year 1965 NIGMS supported 
5,200 pre- PhD trainees and fellows, and provided $13,368,000 in stipend and 
dependency allowances. A study of graduate student finances conducted by 
the U.S. Office of Education'^ indicated that there was a total of 17,550 
bioscience graduate students in fiscal year 1965. These students received a 
grand total of $50,502,000 in stipend and dependency grants from all sources, 
and their total income (stipend, parnings, borrowing, etc.) was $82»450,000. 

^-National Institutes of Health, liuHie Data (National Iiistitutes of Health, 1968). 

'•^American Council on Education, A Fart Hook Hifjhvr Kilucathih 2d Issue, 
(Washinfirton: American Council on Education, 1968). 

*^U.S. Department of Health, Education, and Welfare, Sunwy of Acudvmie mui 
Financial Status of Graduate Students, Spring 1965. 



Th^nvtbre, NIGMS supported about AO percent of the bio8cience graduate 
Htud*»nt8 and contributed about 2G iierccnt of thuir stiptmd iiupport and 16 
puivent of thuir total income. 

SIJMMAKX • The Graduate UeHearch Training Grant Program of the National 
Institute of General Medical Sciences (NIGMS) provides support for 
grmluate student stipends and tuition and for strengthening the depart- 
ments in which graduate training is given. Bioscientists with graduate 
research training of this kind are needed by society to: 

ccnitinue the contributions of research in providing a rational basis 
for the maintenance of health; 

provide staff for medical school departments to increase physician 
manpower to meet rising expectations for the delivery of health care; 
and 

])rovide faculty for the expanding bioscience enrollments of colleges 
and universities. 

• In providing authority for support of research training, the Congress 
recognized the importance of an adequate number of biomedical scientists to 
meet the nation's needs. In 1958 the Division of General Medical Sciences 
was formed within the National Institute of Health, and in 1962 the division 
was raised to "institute" status as the National Institute of General Medical 
Sciences. The NIGMS was to **conduct and support research training in the 
general and basic medical sciences and related natural or behavioral 
sciences." The Research Training Branch was to strengthen research 
institutions and assist in the research training of competent graduate 
students. 

• In 1965, 30 percent of the pre*PhD bioscience graduate students 
received NIGMS training and fellowship grants. These grants accounted for 
approximately 26 percent of all stipend support and 16 percent of the total 
income for these students during 1965. 

• Projection of future manpower requirements is dependent on the nature 
of the assumptions made about key variables. Unassailable quantitative 
projections of future need for bioscientists do not exist, but the qualitative 
assessments of national committees and the quantitative studies that are 
available all indicate a need for more research doctorates in the biosciences 
during the coming decade than are now being produced. The existing 
quantitative studies show the projected supply of doctorate«*holding bioscien« 
tists to be about half the projected demand. 

• The number and the quality of students in the undergraduate bioscience 
••pipeline" seem adequate to support a marked increase in the percentage 

* continuing to the PhD without lowering quality. 

• The recent rapid growth of bioscience enrollments at the undergraduate 
level, coupled with the less-than-average growth at the doctorate level, 
indicates a less-than-adequate number of well-qualified college and university 
staff available to teach the expanding undergraduate classes. 

• NIGMS support for graduate training in the biomedical sciences 
through traineeship and fellowship programs varies by academic field. The 
amount of stipend and dependency support, the percentage of doctorate- 
granting departments having NIGMS trainees, and the median total months 
of support supplied to students all reveal a great deal of variation among the 
different bioscience fields. 

• Efficient support for a graduate bioscience department requires a 
balanced distribution among training grants* research grants, and facili- 
ties grants. 
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CHAPTER II 

SCOPE OF THE STUDY 



SCOPi: OF THK STUDY 
DATA SOLRCKS 
DEITMTIDNS 



SCOPE OF In a letter of September 1. 1965 to Dr. Frederick Seitz. President of the 
THIS STUDY National Academy of Sciences, Dr. Frederick L. Stone, Director of the 
National Institute of General Medical Sciences, requested assistance from the 
Academy in conducting an "evaluative study" of the extensive NIGMS 
training grant program. Specifically, the study was to concern itself with 
such questions as: 

What have been the patterns of NIGMS training grant support to 
bioscience departments? 

What impacts have the NIGMS grants had upon the 
departments? Has PhD production been increased? What changes 
were brought about in faculty strength, physical facilities, and 
curricula? 

What have been the training support patterns for NIGMS trainees and 
fellows? How many students have been supported in each bioscience 
field? For how long? At what point in their graduate careers? How 
much support did they receive? 

What percentage of the NIGMS pre-PhD trainees and fellows ultimate- 
ly attain the PhD? How does the PhD attainment rate for the NIGMS 
trainees and fellows compare with that of other graduate students? Is 
the PhD attainment rate affected by patterns of NIGMS support? 

What is the baccalaureate-to-doctorate time lapse of NIGMS trainees 
and fellows? How does it compare with the time lapse of doctorate 
recipients in the same fields without NIGMS support? 

What are the post-training careers of NIGMS trainees and fellows? 
F'or what types of employers do they work? What are their major work 
activities? How productive are they in biomedical research? 

Although the descriptive statistics presented in Chapter III and IV 
provide answers to these questions and are essential to the study, they are 
not sufficient. The request from NIGMS was for an evaluative study and 
called for interpretation and weighing of the outcomes of the program: 
Which policies were successful? Which were not? What recommendations 
for future action would be appropriate? These evaluations have been made 
by an Advisory Committee of biomedical scientists, whose names are listed 
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ill thft I'rofai'e to this ruport. Ths uonimitttio had the assistance of staff 
uioiHbers of the Ofllft» of Sciontific Personnel (OSI») of thi» National Research 
(Council who gathered and tabulated the basic descriptive data. These data 
were reviewed and interpn'ted by the members of the Advisory Committee, 
who were also responsible for the recommendations made in this report. 



DATA SOUKCES T)w most imiK)rtant sources used by the OSP staff in assembling the basic 

statistical data for the report were the following: 

1. NIGMS records of trainees, derived from the "Statement of 
Appointment of Trainee" forms submitted to NIGMS by training program 
directors in bioscience departments. These forms contain identifying infor- 
mation (birth date, sex, citizenship, marital status), academic degrees held, 
degree sought, field of training, and months and dollars of support expected 
to be received during the fiscal year. 

2. NIGMS records of fellows derived from Fellowship Award State- 
ments. These forms contain much the same information as the trainee 
records. Months and dollars of support reported are actual, not estimated, 
figures. 

3. The OSP Doctorate Records File, a register of all earned research 
doctorates from U.S. universities since 1920. The Doctorate Records File 
contains identifying information, a complete listing of all educational 
institutions attended and degrees attained, along with major fields of 
degrees, sources of support in graduate school, and postdoctoral employment 
plana. The file is compiled from the Survey of Earned Doctorates conducted 
annually by the OSP with the cooperation of the Graduate Deans. Research 
doctorates in all fields are recorded, but professional degrees such as the ?»ID, 
DDS, and DVM are not included. 

4. A follow-up survey conducted in 1968 of all pre- PhD trainees who 
had received NIGMS support at any time during the period 1958-1962. Each 
former trainee was asked to supply information about his post-training 
employment experiences, including types of employers and principal work 
activities. 

5. The National Register of Scientific and Technical Personnel 
maintained by the National Science Foundation. The Register circulates a 
sui-vey questionnaire every two years to collect information that describes 
the employment characteristics of scientists. These data were used to 
supplement those from the follow-up survey of pre-PhD trainees (number 4 
above). 

6. Data from the Institute for Scientific Information "Source Index" 
and "Science Citation Index." These data were used to show the number of 
publications and number of citations per year for each NIGMS trainee who 
received a PhD. Publication and citation rates were compared with.those for 

_ _ _ Php's in matched fi'elds who had not received NIGMS support. 

7. The Report of Expenditure forms submitted by program directors 
to NIGMS. These forms show the actual expenditures during the fiscal year 
for stipends, dependency allowance, professional and other staff salaries, 
equipment, travel, and supplies. Since the data were not on cards or tapes, 
they had to be collected by means of a time-consuming, hand-coding process. 
Therefore, only data for odd-numbered grants in four training fields were 
collected. 

8. The U.S. Office of Education (USOE) data on enrollment and 
degi-ees. Each year, the USOE publishes books showing the numbers of 
degrees grantal by each college and university (Kamed Deyreea Conferred 
.series) and the number of graduate students enrolled (Enrollment for 
Advanced Dcgreea .series). The.se data are listed by in.stitution within 
academic major. 
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The souroos listod as 1, 2, and 3 (trainewhip records, fellowship 
records, and Doctorato Records File) were merged and matched by name to 
provide a master record showing the academic history, NIGM8-suppi)rt 
history, and doctoral attainment record of each trainee and fellow. This 
master tile provided information about individuals, training tieUls, training 
institutions, and departments. 

Sources 1, 5, and (J (follow-up survey of trainees. National Register, 
and Institute for Scientific Inftn-mation) supplied information about the 
post-training activities of NIGMS-supportinl persons. They described the 
type of em})loyer, m^yor work activity, and research publication recoi-d of 
former trainees. 

Data from sources 7 and 8 (Report of Expenditure forms and USOIC 
surveys), supplemented by tabulations from the master file, provided 
information about changes that occurred in dej^artments that received 
training grants and in departments that did not. 



DEFINITIONS Tabulations from the data sources listed above appear in Chapters III and 

IV, Kvery effort ha^ been made to make the table titles and column headings 
as complete and self-explanatory as possible, and the text comments on any 
unusual terms used. However, since most of the tables contain one or more of 
the following nine terms, it is especially important that the reader 
understand clearly the definitions of these terms before studying the 
tabulations. 

Trainee: Any person who had received support from the NIGMS 
Graduate Research Training Grant Program for one or more months. 

Fellow: Any person who had received an NIGMS fellowship award for 
one or more months. 

Trainee-Fellow : Any person who had been both an NIGMS trainee 
and NIGMS fellow. 

Fiscal Year (FY) : The interval from July 1 through June 30. It 
approximates the academic year. For example, fiscal year 1958 is July 
1, 1957 through June 30, 1958, and is approximately the same as 
academic year 1057-1958. In general, the fiscal year is that in which 
the student was in training as opposed to the fiscal year of funding. 
Funds are normally appropriated and committed one year ahead of the 
year of expenditure. 

Characteristics: Age, citizenship, sex, and marital status. Although 
certain of these are variable, the characteristics of the person were 
regarded as remaining fixed and were defined by his earliest NIGMS 
training record* 

Field of Training : The major field of research training for the trainee 
or fellow. Although this field could change in the case of a person 

- - _ - - receiving more than one period of support, the field was consid**red 

fixed and was defined by the earliest training record. Most of the 
tabulations specify 14 training fields plus ••All other" and "Unknown." 
The subfield components of each of these major fields are listed in 
Appendix B of this report. 

Academic Level: The person's level of formal education relative "to 
the professional doctorate or research doctorate degree as indicated on 
the •*Statement of Appointment of Trainee" form or on the fellowship 
application form. The level was defined by the earliest NIGMS record 
and was regarded as fixed for the entire period of training. Five 
academic levels were specified: 

Pre-PhD — a person who indicated he was seeking a PhD (or 
other research doctorate, such as D,Sc.) or a master's degree. 
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Pru-MI) — a person seeking an MD or other j^rofessional 
ctoctorate, such as DOS, D\'M, etc. 

Post -AID — any person who had attained a professional doctor- 
ate prior to receiving his first NIGMS support. 

Post-Phi) — any person who had attained a research doctorate 
prior to receiving his lir.st NIGMS supiM)rt. A person who had 
attained both a professional and a research doctorate was 
classified as post-l^hD. 

Other— includes students not candidates for a degree, pre- 
nursing students, and those of unknown academic level. 

Baccalaureate-to-PhD time lapse ; Two kinds of time lapse are 
reported: *Total Time" refers to the total calendar time between 
baccalaureate and doctorate; ** Registered Time" is the total time 
registered in a nniver8itij,f\x\UB,nd part-time, between baccalaureate 
and PhD. 

Median ; The value below which 50 percent of the cases fall. For 
instance, a median time lapse of 5.5 years would indicate that half of 
the persons attained the doctorate in 6.5 years or less, and half 
required more than 5.5 years. 

The statistics resulting from the analysis of these data are usefu but 
they contain some unavoidable inaccuracies. Some coding errors escaped the 
checking procedure; some inaccurate matches resulted as data from different 
sources were merged on the basis of trainee name, birth date, etc; 
cla.Hsification schemes for items such as academic specialties differ from one 
data source to another; and some important items of mformation simply 
were not available. Nevertheless, the over-aii quality of the statistics in this 
report is judged to be good. Data of poor quality have been eliminated. 
Wherever possible, the consistency of data has been checked by comparison 
of information obtained fr9m independent sources. In general, agreement 
was within ± 5-10 percent. The more recent data are more accurate. 

The Advisory Committee reviewed a large amount of preliminary 
data In computer-tabulated form, called attention to gaps in information, 
selected tables that were the most critical for each section of the report, and 
wrote draft copy of the report> interpreting and integrating the basic data. 
The committee forniuiated the evaluations and recommendations. 

The committee's task of interpretation and evaluation was complicat- 
ed by the rapid changes in graduate education during the period under study 
(1958-1967). The many forces operating on educational institutions made it 
very difficult to determine the specific effects of the NIGMS training 
program. Every effort has been made in this report to call attention to those 
factors that may have contributed to observed differences between NIGMS- 
supported and non-NIGMS-supported groups. 

In spite of these difficulties, the study provides important information 
on the NIGMS training program and its impact on 30,000 students, on their 
careers* and on the training departments in which they were trained. 
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PATTERNS OF 
NIGMS SUPPORT 
TO BIOSCIENCE 
DEPARTMENTS 

Support by Field 



NIGMS support for graduate training in the biomedical sciences through 
traineeship programs and fellowship programs varies by academic field. The 
amount of stipend and dependency support, the percentage of doctorate- 
granting departments having NIGMS trainees, and the median total months 
of support supplied to students all reveal a great deal of variation among the 
different bioscience fields. 

The distribution of stipend and dependency funds among the 
biomedical fields in fiscal year 1966-1967 is shown in Figures. Biochemistry, 
physiology, and microbiology ranked high in both traineeship and fellowship 
programs. Chemistry and biophysics were leading fields for fellowship 
support, but were not supported appreciably by trameeships. The converse 
was true for pathology. 

The percentage of departments within a given bioscience field having 
NIGM3 trainees varied from a high of 87 percent for biometrics'"' to a low of 

'■"^Biometry was early identifi€?d as a field of critical shortace but one that could 
not be supported within a "catej?oricar' institute of the NIH. In 1953. well before the es- 
tablishment of the NIGMS, the National Advisory Health Council adopted a resolution rec- 
ommendint; that the Public Health Service aid institutes to undertake proRrams for train- 
ing biometricians for research careers (itee Appendix A, page 80 for details). 



FIGURE 3 

Percentage distribution of NiGMS traineeship and fellowship support for 
stipend and dependency allowances, by training fields, fiscal years 1966 and 
1967 combined. 
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Source: NIGMS, Statement of Appointment of Trainee and Fellowship Award Statement. 



45 percent for genetics. Four hundred of the 761 departments that granted 
PhD's in the nine fields listed in Table 6 received NIGMS training grants at 
some time during the period fiscal years 1958-1967, and all of the 
departments that were large pmducers of PhD's in the period 195.3-1957 
received some training grant support during fiscal years 1958-1967. The 
400 NIGMS-supported departments accounted for 7,018 of the research 
doctorates awarded in the nine fields between fiscal years 1958 and 1967, or 
73 percent of the total, whereas the 361 departments in the nine fields 
without NIGMS support awarded 2,533 research doctorates, or 27 percent of 
the total. 
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TABLE 6 

Numbur of Depariniciits <JMiiting Rmmh Doctorates in Nine Bk»cicnc« Fields, Departments with NIGMS Tiainlng Giants versus Depart- 
ments without NIliMS Training Grants, i-'iwal Years I9S«.1967 



I 'iuld of Training 


Total Number 
of Departments 
(100%) 


Total Number 
nfl'hP's Awarded 
(1UU%) 


With NIGMS Trainees 




Without NIGMS Trainees 




Depts. 
No. 


% 


PhD's Awarded 
No. % 


Depts. 
No. 


% 


PhD's Awarded 
No. % 


bi(x:hgmistry 


132 


3.286 


66 


SO 


2.S06 


76 


66 


SO 


780 


24 


PATHOtX>GY 


48 


2SS 


32 


66 


198 


78 


16 


33 


57 


22 


physiol(x;y 


123 


1.019 


S9 


48 


665 


65 


64 


52 


354 


35 


MICROBIOLOGY 


I2t 


2. 2S 


57 


47 


1,711 


77 


64 


53 


514 


23 


PliARMACOLOGY 


84 


7.6 


S4 


64 


535 


73 


30 


36 


201 


27 




23 


140 


20 


87 


136 


97 


3 


13 


4 


3 


ANATOMY 


83 


S38 


40 


48 


342 


64 


43 


52 


196 


36 


BIOPHYSICS 


60 


427 


32 


53 


337 


79 


28 


47 


90 


21 


GENETICS 


88 


92S 


40 


45 


588 


64 


48 


55 


337 


36 



Source: NIGMS, Statement of Appointment of Trainee. National Research Council, Office of Scientific Personnel Dwiorate Records File. 



TABLE 7 

Total Months of NIGMS Support ReceKed by P»e-PhD Trainees and Feiiows Havtog First Award in Fiscal Year 1965, by Field of Training 

NIGMS Support of NIGMS Support of 

Prc-PhD Trainees (in Months)* Pre-PhD Fellows (in Months)* 



Field of Training 




Q2 


Q3 


Ql 


Q2 


Q3 




TOTAL All Fields 


10,5 


19.4 


29,6 


12,8 


23J 


24.6 




BIOCHEMISTRY 


10,7 


17.2 


27.4 


22.1 


23.4 


24.7 




PATHOLOGY 


3,5 


10.9 


26.3 










PHYSIOLCXJY 


10,2 


18.6 


29.0 


11.9 


22.6 


24.2 ■ 




MICROBIOLOGY 


10,2 


18.1 


30.5 


11.8 


22.6 


24.6 




PHARMACOLOGY 


11.8 


24.8 


34.8 


22.2 


23.5 


24.9 




BIOMETRICS 


15.0 


22.3 


29.6 










ANATOMY 


11.1 


22.6 


32.3 


11.8 


22.6 


24.5 


• 


BIOPHYSICS 


12.0 


22.3 


31.2 


12.5 


23.0 


24.4 - 




GENETICS 


11.6 


23.0 


31.8 


17.5 


23.1 


24.2 


• 


OTHER BIOSCIENCES 


5.3 


1S.6 


24.6 


12.4 


23.0 


24.3 




CHEMISTRY 








22.2 


23.5 


24.8 




PHYSICAL SCIENCES & ENGINEERING 
(EXCLUDING CHEMISTRY) 


19.0 


27.0 


32.0 


22.2 


23.3 


24.4 




HEALTH SCIENCES 


11.9 


23.0 


31.4 










MEDICAL STUDENT RESEARCH TRAINING 
















ALL OTHER 


9.1 


12.6 


24.8 










UNKNOWN 

















^Ql -first qumUe: one fourth of the students received the number of months of support indicated, or less, Q2 -second quartile or median: one 
half received the number of months of support indicated, or less: QS- third quartile: three fourths received the number of months of support 
indicated, or less. 

Source: MOMS. Statement of Appointment of Trainee and FellowsJUp A ward Statements. 
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FIGURE 4 

Median lengths of NIGMS traineeships at departments with training grants in 
biophysics, biochemistry, or physiology, fiscal years 1958-1965 combined. 



4: 





BIOPHYSICS BIOCHEMISTRY PHYSIOLOOY 
• One Department 

DEPARTMENTS WITH TRAINING GRANTS 

Note: Only departments with ten or more NIGMS trainees have been included. 
Source: NIGMS. Statement of Appointment of Trainee. 

National Research Counciti Office of Scientific Personnel, Doctorate Records File. 

Table 7 shows the median total months of NIGMS traineeship 
support provided to bioscience graduate students. The period of support for 
students who received their first traineeships in fiscal year 1965 ranged from 
a median of 24.8 months for pharmacology to 10.9 months for pathology 
pre-PhD\s. The total months of support provided by NIGMS fellowships, 
however, revealed much less variation* with a median for each field falling 
between 22 and 23 months* ^ 

Traineeship patterns in graduate departments within a given biosci- 
ence field differ widely. Figure 4 and Table 8 illustrate these differences. Of 
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TABLK 8 

Number of iVparti!ient», by Median U»ngth of NIGMS Traineeship in Depiitnii nt, Fiscal Years 1958-r96S« 



I'idd of Training 



Number of Departments by Median Length of NIGMS Traineeships 



Total Number 
of Departments 



U6 
Months 



7 12 
Months 



Months 



^Only departments with 10 or more NIGMS trainees have been included. 
Source: NIGMS, Statement of Appointment of Trainee, 

National Research Council, Office of Scientific Personnel, Doctorate Records File. 



19-24 
Months 



25 or more 
Months 



olUv.HbMIaTRY 


54 




— 

14 


18 


13 


9 


PATHOLOGY 


SO 


13 


15 


10 


5 


7 


PHYSIOLOGY 


39 


3 


11 


11 


9 


S 


BIOPHYSICS 


2S 




3 


S 


9 


8 


MICROBIOLOGY 


41 


1 


11 


16 


9 


4 


PHARMACOLOGY 


40 


S 


4 


8 


13 


10 


BIOMETRICS 


24 


7 


4 


3 


4 


6 


ANATOMY 


30 


3 


9 


8 


6 


4 


GENETICS 


23 


1 


2 


9 


10 


I 



TABLE 9 

SSKcKXpoS^ "^^^^"^ ^"^"^ ^"^""^ ^^^^^ Tiaineeahlps «„d FeUowshlps, and Fedend 



Region 



TOTAL 

NEW ENGLAND 
MIDDLE ATLANTIC 
EAST NORTH CENTRAL 
WEST NORTH CENTRAL 
SOUTH ATLANTIC 
EAST SOUTH CENTRAL 
WEST SOUTH CENTRAL 
MOUNTAIN 
PACIFIC 



Bioscience 
PhD's Awarded 
in FY 1967 



Percent 



100 
8 
IS 
20 
11 
13 



8 



16 



Bioscience Graduate 
Students FY 1965 
(full- and part-time) 



NIGMS Trainees 
and Fellows 
FY 1963-1967 



Federal Academic 
Science Support 
FY 1966 



Peicent 



100 
6 
16 
21 
12 
13 
4 
9 
4 
16 



P«icent 



100 
13 
19 
19 
8 
12 
3 
6 
3 
17 



Source: 



NIGMS, Statement of Appointment of Trainee and Fellowship A ward Statements. 
National Science Foundation. Federal Support to Universities & Colleges FY 1963 
U.S. Office of Education, Enrollment for Advanced Degrees, Fall 1964. 
Natiotul Research Council, Office of Scientific Personnel, Doctorate Records File. 



Dollars in Thousands 



2,1S8;!91 
232,857 
406,387 
409.945 
158.768 
260.716 
85.946 
146.520 
101,507 
355.645 



-1966 (NSF 67.14). 



Peicent 



100 
11 
19 
19 

7 

12 
4 

7 
S 
16 
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FIGURE 6 

Percentage of fiscal year 1967 bioscience research doctorates who had 
received an NIGMS traineeship in graduate school. 

PERCENTAGE OF PhD's HAVING NIGMS 
TRAINEESHIP IN GRADUATE SCHOOL 

FY 1967 PhD's 

NUMBER FIELD 0 20 40 60 80 



496 Biochemistry 

46 Pathology 

240 Physiology 

330 Microbiology 

112 Pharmacoiogy 

25 Biometrics 

86 Anatomy 

90 Biophysics 

142 Genetics 

856 Other Biosciences 




Source: NIGMS, Statement of Appointment of Trainee. 

National Research Council. Office of Scientific Personnel, Doctorate Records File. 



the 54 biochemistry departmenta having ten or more NIGMS trainees 
during the period fi.scal year 1958-1%5,"' 14 departments provided a median 
length of .support for trainees of 12 or fewer months; 31 for 13-24 months; 
and the remaining 9 for a median 25 or more months. Departments in the 
other bioscience fields reveal a similar variation. 

Support by Geographic Regional di.stributions of NIGMS traineeship and fellowship fUnds are 
- Dg^lQjj shown in Figure 5 and Table 9 with comparisons between NIGMS support 
and certain other indices of academic productivity. The New England and 
Middle Atlantic areas received about 32 percent of NIGMS support and 30 
percent of total Federal academic .science support. They enrolled 22 percent 
of the bioscience graduate students and produced 23 percent of the 
bio.science PhD's. The West North Central, West South Central, and 
Mountain regions, combined, received 17 percent of the NIGMS support and 
19 percent of the Federal academic science support; yet they enrolled 25 



"''Tralnoe.s having their first appointment in fiscal years IU66 and 1987 have been 
omitted from Table 7. The.se trainees could have obtained a maximum of only 12 or 24 
months support throujrh fiscal year 1967, and many have and will continue to receive 
support ill fiscal y«'ais I!»fi« and l!(fi!(. The calculated median total month.s of supiwrt i» 
more representative if these cases are excluded. 
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FIGURE 7 

Distribution between public and private universities of bioscience research doctorates, bioscience graduate 
students, and NiGMS trainees and fellows. 



BIOSCIENCE PhD's 
FY 1967 



BiOSCIENCE FULL- AND PARMIME 
GRADUATE STUDENTS 
FY 1965 



NiGMS TRAINEES 
FY 1 963-1 9C7 



NIGMS FELLOWS 
FY 1963-1967 




U.S. COLLEGES AND UNIVERSITIES: PUBLIC 



PRIVATE 



Source: National Research Council. Office of Scientific Personnel. Doctorate Records File, 
United States Office of Education. Enrollment for Advanced Degrees, Fall 1964 . 
NIGMS, Statement of AoDointment of Trainee and Fellowship Award Statements, 



ptM'cent of the bioscience graduate students and produced 25 percent of the 
bioscience PhD's. Support for the othei- four geographic regions was more 
closely related to PhD production and graduate student enrollment. 

Detailed state-by-.state data are presented in Appendix C of this 
report. The appendix table includes data for each state showing the number 
of PhD-granting departments and the number of bioscience PhD's who 
received NIGMS support. For example, Illinois had 42 in.stitutions with 
PhD-granting departments in one or more of the bioscience fields, and 28 of 
the.se departments received NIGMS support. Pennsylvania had 57 institu- 
tions with PhD-granting depailments in one or more of the biosciences. 22 
of which received NIGMS support. As a consequence, almost half (64 of 132) 
of the Illinois bioscience PhD's had NIGMS support, while only one third (355 
of 103) of the bioscience PhD's from Pennsylvania were NIGMS-supported. 
In total, 29 percent of the bio.science PhD's of fiscal year 19<>7 had received 
NKJMS traineeship assistance. This perct»ntage iigrees very well with the 
estimate given in Chapter I that 30 percent of all bioscience pre- PhD's were 
on NKiMS training grants. Figure (5 shows the percentage of fiscal year 
1967 PhD's in selected bioscience fields who were NIGMS trainees in 
graduate school. 



Support by Type of The distribution of NIGMS trainees by type of institutional control is given 
ItiKtitutiotial Control Figure 7. Public institutions enrolled 69 percent of the bioscience I^hD's, 

but only half of the NKiMS trainws and fellows were in public universities. 
This finding is consistent with thv large percentage of NIGMS support to the 
New Kngland an<l Middle Atlantic regions, where the majority of private 
universities are concentrated. 



IMIVA<:T of Support The impact of a training grant on ihv PhD i)roduction of a department is 
0\ lUOSCIKiNCE intUienced both by the size and by thi^ academic field of the department. In 
l)KPART,ME!NTS order to study the effect of the variation in fields in some detail, the commit- 
tee selected four areas for special study: biochemistry as representative of a 
modestly growing field, pliysinlogy as a field showing relatively slow growth, 
PliU IVodui^tioii biophysics as a rapidly growing nvw field, and pathology as a field lacking a 
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FIGURE 8 

Doctorate production in five bioscience fields, fiscal years 1958-1967. 

PERCENTAQE INCREMENT 

FY 1958* FY 1963* 

1963 1967 

BIOCHEMISTRY 26 65 

BIOPHYSICS 71 150 

PHYSIOLOGY. ANIMAL * 76 

PATHOLOGY 50 119 

BOTANY 20 21 




YEAR OF DOCTORATE 

^Data for animal physiology is not available from the Doctorate Records File before FY 1963. 
Source; National Research Connrii, Office of Scientific Personnel, Doctorate Records File. 

tradition of research training. The growth of doctorate production in these 
four tieldst along with botany as a comparison field unlikely to be affected by 
XIGMS support, is shown in Figure 8. The relatively sharp change in the 
rate of doctorate production after 1963 in the fields of biochemistry, 
physiology, and biophysics, but not botany, is suggestive of a positive effect 
of the training grants on these fields approximately five years after the start 
of the training grant program. It should be noted that most training in 
pathology* has been at the postdoctoral level, and hence, cannot be completely 
measured by compilations of Phi) production. 

In order to study the effect of NIGMS training grants on depart- 
ments of different size, the committee classified departments on the basis of 
doctorate production in a specific field during the period 195;M957 as (a) 
large producers, (b) small producers, or (c) nonproducers of doctorates. This 
period was selected as a point of reference because it immediately preceded 
the start of the NIGAIS training grant program. Figure 9 and Table 10 
summarize the impact of training grants on PhD production of departments 
in three fields, equated for size of department. The upper section of Table 10 
lists the data for biochemistry. The left-hand column shows the three 
departmental groups (large Phh-pnKlucers, small l*hl)-producers, and non- 



32 



ERLC 



FIGURES 

Average number of research doctorates awarded per department in three 5-year periods, NIG MS supported 
versus nonsupported departments of biochemistry, biophysics, and pathology. (The groupings of depatlments 
differ for each field and are defined in Table 10.) 
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♦"With Trainees" means department had one or more NIGMS pre-PhD trainees at anytime during the period 1958-1967. 
Source: NIGMS. Statement of Appointment of Trainee. 

National Research Council. Office of Scientific Personnel. Doctorate Records File. 
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TABLE 10 

I'rends in Production of Reseuch DoctoiateSi 
NICiMS4iupported Versus Nott* NIGMS-Supported Departments 
of Biochemistiy, Pathology, and Btopliysics, 
Fiscal Years 1953*1967 
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Phl)-prothieers), based on PhD output during ll)5«.l})57. Each group is sub- 
divided into tliose that (1) received KIGMS support during 1{)58.1062 and 
may also have been supported after l{)fi2. (2) received NIGAIS support dur- 
ing the period imia-HUi? but not during 15)58-Hm2. and (3) received no 
XIGMS training grant support. Since it requires five years for a progi'am to 
begin to produce PhD's, few persons supported after 196a would have attain- 
ed the degree by 1967. The second column of the table indicates the number 
of institutions with biochemistry departments in each group. Columns three 
through eight show the total number of research doctorates granted in the 
reference periods 1953-1957, 1958-1962, and 1983-1967 by departments in 
each group and by the average doctorate production per department over 
each five-year period. The last two columns indicate the increment in aver- 
age number of research doctorates granted per department between 1958- 
1962 and 1963-1967 in both percentage and absolute numbers. The sections 
of the table for biophysics and pathology are organized in the same man- 
ner.'^ 

Figure 9 summarizes the major findings. In all ca.ses, the gain in 
average PhD production per department between 1958-1962 and 1963-1967 
was markedly greater for the NIGMS-supported than for non-XIGMS-.sup 
ported departments when matched for field and for PhD production in 
1953-1957. In biochemi.stry, small PhD-producing departments with support 
increased their average output by 8.2 PhD's, compared with 2.0 for the 
non-NIGMS-supported departments. Corresponding increments for depart- 
ments that were non-PhI.)-producers in the reference period 1953-1957 were 
8.8 and 2.7. Similar results were found for biophysics and pathology. Since 
all of the large PhD-producing departments received support, a coniparison 
with nonsupported departments in this category is not po.ssibie. 

The data indicate that the impact of XIGMS support on departmental 
PhD production varied with the size of department. In biochemistry, the 
smaller departments (small PhD-producers and non-PhD-i)roducers 1953- 
1957) showed greater absolute and percentage gains in PhD production than 
the large departments. In biophysics and pathology, the initially large 
PhD-producing departments showed greater absolute gains, but the percent- 
age increases were greater in the smaller departments. 

Clearly, tho.se departments with XIGMS training grants experienced 
gi-eater increments in production of research doctorates than did depart- 
ments without such support. However, the role of NIGMS training grants on 
the increased production cannot be established with certainty. Training 
grants were awarded, in general, to the more prestigious and active 
departments. Therefore, it is not clear whether the training grants were 
instrumental in bringing about growth or whether the grants were simply 
given to departments that were already in a process of rapid increase in PhD 
output. Both factors were probably operative, and the training grants should 
be credited for having a positive effect— biit not the only effect. In 
interpreting the data in Table 10, it must be noted that the XIGMS support 
to the department may have been for as little as a few years or for as long as 
ten years, and the amount may have been as little as a few thousand dollars 
or as much as $200,000 a year. 

Another measure of the effect of training grants can be seen in Table 11 and 
Figure 10, which .show trends in graduate enrollments in departments with 
and without training grants. The total number of full-time .students in 
biochemi.stry departments with XIGMS support increased from 798 in 1960 
to 1,510 in 1965, while the corresponding numbers for biochemistry 
departments without XIGMS support were 224 and 349, re.spectively. This 
represents a marked difference in the rate of increa.se for the two groups of 

'"Physiolor* wa« omitttHi from this tuhit IjetauHu a i-hsuiKo in th«- uoarli-mif spoci- 
aiities list usod with the .Survey of Eurnetl Doctorates introduced a discontinuity in the 
trenil data for pliysiolojo" during thv iivriod (un-erod. 
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TABLE H 

Gnduate Kniullnient In Bbchemistry 
venus dotMny $ni Zocrfogjr 
in PhD-Crgnting Institutions 
with and without NIGMS Support 
fai Biochemistiy* 
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FitaURE 10 

Graduate enrollment in biochemistry versus botany and zoology in PhD-grantlng institutions with and without 
NIGMS support in biochemistry,* 1 960, 1 963, 1 965. • • « «»nu witnoui 



BIOCHEIVIISTRY 
FULL TIME STUDENTS 




ZOOLOGY AND BOTANY 
FULL-TIME STUDENTS 

( — +21%. 



f2 2.000 
z 

UJ 

Q 

D 

w 1,500 

UJ 



1960 1963 1965 1960 1963 1965 
FISCAL YEAR 

GRADUATE ENROLLMENTS IN INSTITUTIONS ■! WITH 

•See note X in Table 11. 

Source: United States Office of Education. Enrollment for Advanced Degrees . 
NIGMS, Statement of Appointment of Trainee. 




1960 1963 1965 1960 1963 
FISCAL YEAR 
WITHOUT NIGMS SUPPORT IN BIOCHEMISTRY* 



1965 



departments. During the .same period, graduate enrollment of part-time 
biochemistry students remained almost constant in both supported and 
nonsupported departments. 

vr^-AfJ^^ suggest that the positive effect of 

MUMfe trainmg grant programs on biochemi.stry graduate student enroll- 
ment IS not simply a result of over-all institutional increase of graduate 
students. Information is given for graduate enrollment trends for botany and 
zoology, science departments not directly supported by NIGMS training 
gi-ants and selected as control groups for comparison with biochemistry. Bot- 
any and zoology enrollments in institutions having NIGMS .support /« />/o- 
r//^/»^s•o•^/ are li.sted as "with NIGMS support"; botany and zoology enroll- 
ments m in.stitutions without NKJMS support in hm-hrmistn, are listed as 
••without NIGMS support." The t(.tal number of full-time .students in 
botany and zoology departments in institutions without NIGMS support 
.1^' '"^"-"•'*^ than corresponding enrollments in iiLstitutions with 
A IGMS support. I hus, the number of full-time botany and zoology graduate 
students in n(»n.M(;MS.supported institutions increa.sed 158 percent (from 
}21 to 1.088 during the period I%0-106r,. while the corresponding increasu 
fur botany and zoology in institutions with NIGMS support wjis onlv 28 
percent (1,.0:J4 to 1.958). This finding makes the positive efn-ft of NIGMS 
trainmg grants on graduate enrollment in biochemistry departments appear 
to be even more significant. Caution must again be exercised, however in 
interpreting the effects of training grants on graduate enrollment. 
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FIGURE 11 
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FISCAL YEAR 

source: National Research Council Office of Scientific Personnel, Doctorate Records 



File. 
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The period of N IGMS training grants coincides with an era of rapid 
growth in numbers of institutions granting PhD's in the biosciences (P^igure 
1) During the decade 1958-1967. the number increa.sed from slightly over 
10 to almo.st 150. Although not all the growth can be directly attributed to 
NH.MS training support, it was one factor enabling this dramatic increase 
in centers for biommlical re.search training. 

Although it was possible to obtain some measure of the influence of training 
grants on the rr fibers of research doctorates pr.Mluced. it was much more 
dimcult to quantify their effect on the total scientific envir..nment of 
institutions. It is the opinion of the committee that XIGMS training grants 
have had a real eftwt in strengthening the departments within univeisities 
However, .so many uncontrollable variables enter into any retrospective 
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attem])t to develop meaningful objective criteria thai, in many instances, it 
has been necessary to fall back on iniHviUual illustrative examples. 

Undoubtedly, one of the very first beneficial effects within an 
institution or a department has been the necessity, in preparing a training 
grant application, to consider in detail both the goals and the organization of 
the on-going or proposed research training program. The act of committing 
to paper exataly what a department is doing or i)roposes to do in training 
young scientists i!i a given specialty has necessarily produced critical 
re-examination of many accepted ideas and the evolution of many new ones 



FIGURE 12 

Growth rates in staff and expenditures for staff and growth rates in trainees 
and stipends for trainees, by fiscal year 1960-1965 (fields of biochemistry, 
biophysics, physiology, and pathology combined). 




1960 1961 1962 . 1963 1964 1965 




1961 1962 1963 1964 1965 1966 

FISCAL YEAR 



. .J in- Numbers of professional staff and trainees in I960. 
Note: Index 1-0 "jotal expenditures for staff and trainees in 1960. 
Source: NIGMS. Report of Expenditures-Training Grant Program. 



—a healthy phenomenon in any endeavor, Kxtracts from program directors' 
eonuneuts strongly suggest that from such consider<'\tions, on-going pro* 
grams have been markedly changed and totally new ones have been 
introduced. 

NIGAIS training grants have provided the means of increasing 
faculty size by providing direct support for faculty salaries, both for those 
faculty members directly involved in administering the grant-supported 
programs, aiul for new members added to enhance over-all capacity in 
research training either through their teaching skills or their special areas of 
research interest. 

In Figure 12, the over-all steady growth of professiimal staff support- 
ed by XIGMS training gi'ants in the combined areas of biochemistry, bio- 
physics, physiology, and pathology between 1960 and 1965 is indicated. Spe- 
cial factors have resulted in the somewhat differing importance of profes- 
sional staff expenditures in the support picture of each of these areas as 
shown in Figure 13, In biochemistry and physiology, established fields with a 



FIGURE 13 

Expenditures for professional staff as a percentage of total trainine srant 
expenditures, by field, fiscal years 1960-1966. 
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1964 



1962 1963 
FISCAL YEAR 
Source: NIGMS, Report of Expenditures Training Grant Program. 



1965 



1966 



long uxpontMUH? m graauaU' tnimiiig, only 5 to U) pei-c'tiiit of tho tniminj; 
grant fumls wvrv UHtnl t<» incrcast' th« faculty. In biophysics, an oniorKiUK «l>i?- 
cialty In which now pi-ogranis aru InAng 08tabli.slu>(l, anU In pathology, a fioUl 
with Uttlo previous experience iii full-tinie research training programs, 15 to 
20 percent of the funds were utilized to establish the needed t^iiculty support. 
The generallv higher compeii.sation levels of fm-ulty members in pathology 
(usually Mli's), compared with the levels In other fields examined, also 
contributed to the high percentage of training grant funds used for faculty 
salaries in this field. . . 

The impact of NUiMS training grants on total numbers ot taculty m 
each ilepartment is difficult to (juantify because the records do not show 
whether the faculty members directly supported by the grants are new in the 
deiMirtment. In general, the faculty supported by NICiMS training grants do 
represent actual udditioihs to the total faculty since the total faculty size has 
increa.sed more rapidlv in departments with NKIMS support than in the 
iu)n-NIGMS-supported departments (see Table 12). It should be noted that 
training grant funds not only permit the addition to departments of new 



TABLE 12 

-nends to Numbeis of Piofenlonil Staff, NlCMS^upported veisus Non-NIGMS-Supported Depart- 
ment^ 



Training Field 



Years of NIGMS Support 
to Departments 
(19S8-1967) 



Number of Pro- 
fessional Staff 

19S7 1960 196; 



Percentage Increment 
in Professional Staff 
from 19S7 to 196S 



BIOCHEMISTRY 


TOTAL 

14 years Support 
years Support 


312 
40 
230 


311 
46 
227 


373 
49 
278 


20 
22 
21 




Non-NIGMS-Supported 
Departments 


42 


38 


46 


10 


BIOPHYSICS 


TOTAL 

14 years Support 
>S years Support 


20 
14 


25 
18 


39 

32 


9S 

128 




Non-NIGMS-Supported 
Departments 


6 


7 


7 


17 


PATHOLOGY 


TOTAL 

. 14 years Support 
>S years Support 


SS 
2S 
18 


48 

12 
23 


69 

21 
29 


24 

-16 
61 




Non-NIGMS-Supported 
Departments 


8 


6 


8 


0 


PHYSIOLOGY 


TOTAL 

14 years Support 
> 5 years Support 


226 
43 
102 


228 
45 
112 


301 
59 
159 


33 
37 
S6 




Non-NIGMS-Supported 
Departments 


81 


71 


83 


2 



^Tlte data are based on information from those institutions that reported regularly and completely to 
the American Council on Education surveys. 
Source: NIGMS, Statement of Appointment of Trainee. 

American Council on Education, A Guide to Graduate Study, 1957. I960, and 1965 
editions. 
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tJU'ulty niumhors, but also t»f such support porsoiiuel as technicians, 
secretaries, aiiminlstrativo assistants, and instrumentation exports, who 
coiitribute to an ov<»r-all Increase in resciarch training? capability. 

The brea<ith of th(^ educational experience of the trainees has bwjn 
increased by enabling the department to pay for visiting seminar speakers 
and to send trainees to national scientiiic meetings. Although a definite 
causal relationship cannot be established betwe-Mi the grant and the quality 
of faculty and the training program, the following extracts from the 
ct)nmients of program directors in their progress reijorts t*> NIGMS are 
suggestive of a beneficial effect: 

I As to) the impact the program has had on the department, it can be 
safely saui that the tcjaching of graduate students continues to be a 
.source of stimulation to staff men in terms of amplifying their 
r(}.search interests and broadening their knowledge in the particular 
areas which they are asked to present as advance courses in 
physiology .... The addition of grnduate training to the program of 
professional instruction has rather significantly changed the climate 
of research interest here, an<I for this, training grant support to this 
department and to other departments of the school must be given the 
direct credit. ^ 

The training grant has helped in strengthening our program by 
making it possible to add to staff. With increase in personnel at a 
teaching level we have been able to increase the number and the 
quality of advanceti courses and to increase guidance and leadcrshio 
for research work by graduate students. 

The effect of the existence of such a program, and the thought and 
activities required for its implementation, upon departmental staff 
and secondarily, upon the entire institution beyond the Graduate 

bchool Itself, are profound Greater numbers of research projects 

with broadened scope, the increased alertness and dedication which 
attends contact with developing graduate students, ... all add up to 
an enriched scientific scheme. I^oss of the program would make its 
erstwhile impact plainly evident, one may be sure. 

Physical Facilities In addition to increasing the numbers of faculty and students in recipient 

departments, the NIGMS training grants have, in many instances, helped to 
provide the tools required by these individuals to carry out a modern and 
productive research training program. Data collected from a 50 percent 
sample of the Reports of Expenditures submitted by program directors of 
training grants in the fields of biochemistry, biophysics, physiology, and 
pathology show that purchases of equipment and supplies accounted for one 
fourth of all expenditures in fiscal year 1959. By fiscal year 1967, the funds 

- used for equipment had decreased to one tenth of the total grant, but the 

absolute dollar amount had quadrupled over the earlier year. These funds 
made it possible to obtain not only supplies for trainees, but large pieces of 
e<iuipment for joint use by a number of trainees and staff members. Thus, 
the over-all research training potential of a department was enhanced 
through the acquisition of equipment that could not have been justified on an 
individual member's research grant. Although in some instances such 
equipment might have been obtained through special grants or general 
research support funds, there is no question that in many cases the training 
grants provided the only readily avaiUble sources, a point that is reiterated 
in prt)gram directors' comments: 

An additional but by no means secondary feature, is the financial 
freedom which allows us to purcha.se needed equipment for instruc- 
tion, to schedule seminars by outstanding biochemists, and to ofTer 
competitive salary levels to trainees. 
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As tt result of th« Training Grant and another researcli grant a 
well-equipptHl group of laboratories with all the necessary facilities 
have been provided. . . .The Training Pn)gram has i-nabled the 
creation of a new research atmosphere in the department and the 
formation of a group of people who are primarily interested in 
research, 

Ni»w Fi«^l(Isof An important effect of the NIGMS training grant program has been the 
RI»ni.*<Upiil ^<•u>ll<•l> encouragement of new departments and new interdisciplinary programs 
oiunwuiiui ^^^^^ ^^^^^ .^^^^ classical administrative alignments. Hiomedical research 

and research training have been enhanced by the continuing development of 
programs in biophysics, genetics, and biometrics that cut across old 
departmental lines and speed the application of diverse skills to common 
problems. 

The following types of comments appeared quite regularly in reports 
from the program directors: 

This program is unquestionably the strongest unifying influence in 
our departmental activities. It provides support and motivation for 
interaction of different sUiff members, the trainees, and in many 
cafes, per.sons from other departments or institutions. It would be 
entirely fair to say that without- this program, this would be a 
different type of department and a much leas effective one. 

The work in the field of nutritional pathology has been dis.seminated 
to .staff members and to veterinary students. This has resulted in an 
appreciation of the great variety of changes which result from 
malnutrition. The general result has been an upgrading of veterinary 
pathology. 

It has been difficult to find support from sources geared to the 
classical disciplines and therefore the training program has made 
possible the development of a multi-disciplinary approach. 

The number of degrees granted and the magnitude t)f NKIAIS 
training grant support in .some ofthe.se new fields are pre.sented in Table 13. 
Although biophysics is perhaps the most .striking example of Ihu effect of 
NIGIIS support on an emerging specialty, it is clear that a number of other 
areas were a!«'» affected. Two program directors stated: 

We have previously stressed the flexibility that this program provides 
and we would re-emphasize this as being extraordinarily imjwitant to 
us. In particular, we believe that the program allows trainees to gain 
experience in various areas of biochemistry before selecting a specific 
field of concentration. Direct support from outside agencies to 
trainees is more properly linked to the selection of thesis work by the 
trainee. The training program in the department urges students to 
seek such outside direct support as .soon as their thinking has 
advanced to the point where they can wi.sely select their field of 
concentration. 

As a recently organized {I960) Department of Biochemistry and 
Biophysics, we may be relatively unique in the benefits which we are 
deriving from this Training Program. We visualize it as providing us 
with 1) an opportunity for broader, move httvusive, a>t(I morv muU! 
training of incoming students, ... 3) it is more economic of reseaix h 
funds, since a) the basic intensive training results in a better 
comprehension of tools available for re.search, and, simultaneously, 
the student has learned how to use those tools. 

Clinical Research Finally, the effect of NKiMS training grant support on pi-e- and post-MD 
Traitiiti;; research training should be notod. Althjmgh the major emphasis in this 
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TABLK 13 

f£^^^ ^"^^^ ^^^""^ Dep«idency Support foi NIGMS Tiaineei and FeDowi in FWe Biofldenco Fiddi. 



Fiscal 
Year 



Source: 



Note: 



Biophysics 



Biometrics 



Genetics 



Stipend and 
PhD's Dependency 
Number Dollars 



Stipend and 
PhD's Dependency 
Number Dollars 



Pharmacology 



Stipend and 
PhD's Dependency 
Number Dollars 



Pathology 



Stipend and 
PhD's Dependency 
Number Dollars 



Stipend and 
PhD's Dependency 
Number Dollars 



19S8 


21 


100 


3 


112,240 


1959 


23 


21,880 


3 


215,760 


i960 


23 


109,510 


11 


274,698 


1961 


25 


215,218 


7 


327,103 


1962 


33 


873,191 


10 


585,675 


1963 


36 


1,481,877 


14 


665,520 


1964 


40 


1,705,189 


22 


867,200 


1965 


54 


1,586,204 


24 


1,038,763 


1966 


83 


1,645,659 


20 


1,075,034 


1967 


90 


1,458,457 


25 


1,027,642 



110 


48 


700 


14 


51,270 


60,840 


40 


118,275 


14 


307,575 


240,765 


53 


291,328 


11 


556,350 


436,259 


49 


459,343 


22 


681.889 


1,039,647 


74 


701,161 


23 


1,210,667 


1,256,166 


70 


1,072,951 


21 


1,546,915 


1,355.785 


89 


1,212,231 


31* 


1,752,551 


1,371,956 


97 


1,390,097 


36 


1,934,358 


1,553,981 


104 


1.447.423 


37 


1.906,867 


1.433,384 


112 


1,491.767 


46 


1,984,126 



71 
75 
74 
73 
81 
97 
98 
102 
113 
142 

National Research Council Office of Scientific Personnel. Doctorate Recordf File. 
NIGMS, Statement of Appointment of Trainee and Fellowship A mrd Statements. 
Tlx number of fhD'sii the U.S. total for each field. The dollar amount refers to NIG MS support in t he field. 

report has been on PhD training, in part because of its ready (luantification 
signihcant research training has been provided to many individuals who do 
not obtain the PhD. For instance, although training-grant-supported 
institutions have been favorably influenced in the number of PhD's in 
pathology produced (see 'I'able the totals are so small that the 
expenditures might be considered wasted if only those receiving PhD degrees 
were considered. In fact, many more individuals have been providetl with an 
_ opportunity for several years of post- Ml) research training not previously 
available under the standard pathology residency programs. Such indivi- 
duals are now beginning to provide a supply of ade<iuately trained experi- 
mental pathologists for academic careers. Examples of such post-training ap- 
pointments appeared frequently in reports to NIGMS by program directors 
in pathology departments. After listing three former trainees known to have 

advanced in academic rank in the past year, one program director ron- 
cluded: 

'^he«e and other former trainees who have remained in academic 
positions have continued to be pn)ductive investigators as well as 
teachers, as reflected in their various publications during the past 

Another director cited the following example: 

As a result of his training in re.search in this program. Dr. _ 
after returning to clinical practice in orthopedic surgery, felt that the 
chnical .sciences were greatly lacking in a .scientific approach to their 
problems. After four months, he returned to research in the program 
and plans a career in research in Kxperi mental Pathology. 

A third program director note<l: 

increa.se .)f interest in research activities. This 
manifested Itself not only in the trainees but in the .service staff of the 
liepartment .... The program also had a stimulating effect on the 
residents in our department. Tiieir interest in experimental research 
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SIJMMAKY • NIGMS supiwrt for gniduate training in the biomedical sciences 
through traineeship programs and fellowship i>rograms varies l)y academic 
iield. The amount of stipend and dependency support, the i)ercentage of 
doctorate-granting departments having NIGMS trainees, and the median 
total months of support supplied to students all reveal a great deal of 
variation among the different bioscience fields, 

• Uegional distribution of NKiMS funds and graduate student support, 
when compared with bioscience PhD production and graduate student 
enrollment, showed the New Kngland and Middle Atlantic states receiving 
proportionately more than the West North Central, West South Central, and 
Mountain sUites. Likewise, private institutions received pro|)ortionately 
more NIGMS support than public ones. It should be noted that balanced 
geographical distribution was not a goal of the research training programs. 

• Almost one third of the fiscal year lUGT bioscience PbD's had received 
NIGMS traineeship support at some time during their graduate progj'ams. 
and in certain subfields, over half the PhD recipients had received such 
support. 

• Comparisons between departments having NIGMS training grant 
support and departments in matched fields without such support show that : 

The gain in average PhD production per department between 
1958-1902 and 1963-1967 was markedly greater for the NIGMS-supported 
departments than for non-NlGMS-supported ones. 

Smallcjr departments show the greater percentage increases in PhD 
production as a result of NIGMS grants, but larger departments show comp- 
arable gains in absolute numbers of doctorates granted. 

Full-time graduate student enrollment in biochemistiy depailments 
with NIGMS support increased much more rapidly than correspo^wittig> 
enrollment in biochemistry departments without support (1960-1965). Non-« 
supported fields (botany and zoology) in the same institutions did not show 
these differences. 

The number of PhD-gi-anting departments in the biosciences in- 
creased by one third during the decade covered by the study. 

Not all these differences should be attributed directly to NIGM J' 
training grant support, but this was one major factor enabling recipient 
departments to grow as rapidly as they did. 

• Although difficult to quantify, the favorable impact of training grants 
on recipient bioscience departments appears clear. Anecdotal rei)orts of 
program <liri:ctors, and the personal knowledge of the committee members, 
indicate a positive effect on faculty, curriculum, and physical facilities in 
many departments. Faculties have been increased, new courses have been 

: . offered, and imporUmt items of equipment have been obtained through 
training grant support. Thus, in addition to producing more PhD's, the 
training grants have served to strengthen the departments from which the 
graduates have come. 
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CHAPTER IV 



TRAINING GRANT SUPPORT 

AND impact: bioscience 

GRADUATE STUDENTS 

PA i ri:KNs OF i>ii(;ms support to riosciknci: 

GHADl ATi: STLDKN TS 

Niiiitbi'i's aiwl CliaracUTislirH ot riiuse Suppoiii'd 
Anioiiiit of Support 
ihhvr Soum^s of Support 

IMPACT OF stPPOKT ON bios(:ii:ncf STUDKNTS 

Tini«' LapHt' to Phi) 
Pill) Attuiniiu'nl Kat«; 
Fi«'i<l Switchinjr 
Post-training Car«M*rh 

SUMMARY 



Figure 14 shows the growth in numbers of NIGMS trainees and fellows 
supported in each year since 1958. After an initial period of rapid growth, 
both programs leveled off, supporting about 7,700 trainees and about 1,100 
fellows annually. 

During the ten-year period covered by this study, a total of 28,503 
bioscience students received NIGMS support. Of these, 23,380 received 
traineeship support only; 3,759 received fellowship support only; and 1,364 
received both traineeship and fellowship support. However, since the major 
interest of this study was to evaluate the effects of traineeship and fellowship 
programs, most of the following tables show ju.st two groups — ^trainees and 
fellows. The 1,364 trainee-fellows arc included in both groups. 

Table 14 summarizes some of the characteristics of the 24,744 persons 
who had received traineeships (23,380 plus 1,364) and the 5,123 who had 
received fellowships (3,759 plus 1,364). Virtually all are U.S. citizens, four 
out of five are male, and slightly less than half are single. About half of the 
trainees and two thirds of the fellows were pre-PhD s at the time of their 



PATTERNS OF 
NIGiMS SUPPORT TO 
BIOSCIENCE 
GRADUATE 
STUDENTS 

Numbers and 
Characteristics of 
those Supported 
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FIGURE 14 

Number of NIGMS trainees and fellows, fiscal years 1958-1967. 




FISCAL YEAR OF TRAINING 
Source: NIGMS, Statement of Appointment of Trainee and Fellowship Award Statement. 



first appointment. Fellows were about two years older than the trainees, 
reflecting the fact that nominations for fellowships usually occurred later in 
the academic program. 

A more detailed description of the trainees and fellows by academic 
level and field of study is available in Tables 15 and 16. For both groups in 
more clinically-oriented basic sciences such as pathology, most of the 
students were pre- or po.st-MD, while in the laboratory-oriented basic 
medical sciences such as biochemistry, physiology, and mi<Tobiology, a large 
proportion were at the pre-PhD level. Chemistry was a big field at the pre- 
and p<>st-PhI) levels for the fellow.s, but was virtual I; • nonsupporteti for 
trainees. Special note should be made of the category "nedical student" in 
the trainee table. These were medical students who received short periods of 
research training— typically, for a a-month summer period. Therefore, while 
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TABLE 14 

Summaiy Description of NIGMS Trainees and Fellows, Fiicil Yean 19S»-1967 





Trainees 


Follows 


TOTAL 


24,744 


5,123 


U.S. CITIZENS 


92% 


JIM n> 

97% 


MALE 


81% 


81% 


SINGLE 


42% 


32% 


ACADEMIC LEVEL AT FIRST AWARD 






Prc*PhD 


48% 


65% 


Pre-MD 


26 




Post-MD 


11 


s 


Post*PhD 


5 


19 


Other 


9 


11 


MEDIAN AGE AT FIRST AWARD 


ZSJZytm 


27.6 yean 


HIGHEST DEGREE AT FIRST AWARD 








69% 


49% 


Master*s 


IS 


27 


Research doctonte 


5 


19 


Ptoffiuiondl doctofttte 


11 


5 


MEDIAN TOTAL LENGTO GP SUHPORT 


10*3 months 


12.4 montfu 


TRAINING FIELDS AT FIRST AWARD 






Biochemistry 


14% 


19% 


Rithology 


10 


1 


Physiology 


7 


10 


Microbiology 


6 


9 


Pharmacology 


6 


3 


Biometrtes 


6 


1 


Anatomy 


S 


3 


Biophysics 


m 
9 




Genetics 


5 


6 


Other Biosciences 


8 


10 


Cheniistrv 




21 


Fhyaival Sciences & Engineering 


1 


2 


Health Sciences 


4 


2 


Medical Students 


18 




Other 


5 


4 


MEDIAN TOTAL AMOUNT OF STIPEND AND 






DEPENDENCY ALLOWANCE 


S2J10 


ss,soo 



Same: NIGMS, Statement of Appointment of Tntinee and FettowAip A^md Statements. 



they accounted for a large proportion of the trainees (18.2 percent), they 
received only a small proportion of the traineeship funds. 



Amount of Support The amount of NIGMS support to trainees and fellows may be analyzed by 

montliH of support supplied or by stipend and dependency dollars received by 
the students. In either case, it is important to distinguish between the 
amount of support received during a given fiscal year and the total support 
received, summed over all years. Table 17 shows the median months of 
support and median stipend and dependency support received by trainees 
and fellows during each fiscal year. Table 18 shows median total months and 
median total stipend and dependency support received, summed over all 
years. 
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TABU* IS 

Number of NICMS Ttaiiicca, by FieM of Tnining and Academic Uvei, Fiscal Yean 19S8-1967 

Numbwr of Trainees by Academic Lcvci" 



Field of 
Tiaining 


Total 




Pre-Phl) 




Pre<MD 




Post'MD 




Post-PhD 




Other 




No. 


% 


No. 


% 


No. 


% 


No. 


% 


No. 


% 


No. 




TOTAL AO Fields 


24,744 


100 
(100) 


11,959 


100 
(48) 


6.521 


100 
(26) 


2.699 


100 
(11) 


1,331 


100 
(5) 


2.234 


100 
(9) 


BIOCHEMISTRY 


3,343 


14 


2.678 


22 


148 


2 


100 


4 


307 


23 


110 


5 


PATHOLOGY 


2,449 


10 


192 


2 


9!l 


14 


1.08:» 


40 


58 


4 


205 


9 


PHYSIOLOGY 


1.680 


7 


1,218 


10 


136 


2 


138 


5 


66 


5 


122 


6 


MICROBIOLOGY 


1.594 


6 


1,249 


11 


81 


1 


67 


3 


105 


8 


92 


4 


PHARMACOLOGY 


1,383 


6 


876 


7 


169 


3 


95 


4 


93 


7 


150 


7 


BIOMETRICS 


M89 


6 


925 


8 


56 


1 


117 


4 


85 


6 


306 


14 


ANATOMY 


U14 


5 


725 


6 


261 


4 


93 


3 


78 


6 


57 


3 


BIOPHYSICS 


1,226 


5 


873 


7 


57 


1 


83 


3 


134 


10 


79 


4 


GENETICS 


U96 


5 


860 


7 


85 


1 


92 


3 


155 


12 


104 


S 


OTHER BIOSCIENCE 


1.996 


8 


1.000 


8 


481 


7 


230 


9 


113 


8 


172 


8 


CHEMISTKY 


I in 






I 
1 

• 


A 




A 
•t 




7 




15 
l6 




PHYSICAL SCIENCES 
AND ENGINEERING 


208 


1 


190 


2 


3 




6 




3 




6 




HEALTH SCIENCES 


1.030 


4 


325 


3 


211 


3 


415 


IS 


47 


4 


32 


1 


MEDICAL STUDENT 


4.S14 


18 


139 


1 


3.890 


60 


46 


2 


18 


1 


421 


19 


ALL OTHER 


1,200 


S 


616 


5 


28 




129 


5 


61 


5 


366 


16 


UNKNOWN 


12 




10 








1 




1 









^ Percentages may not sum to 100 because of rounding. The percentage of trainees by academic level, aB fields combined, 

is shown in parentheses. 
Source: MOMS, Statement of Appointment of Trains. 
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TABLE 16 • 

Number of NKiMS I'eUuwn, by FicM of Fellowship and Academic Level, Piical Yean 19S9>1967 









Number of Follows by Academic LevcF 










I IviU Ul 


Total 




Prc-PhD 




Post-MD 




Post-PhD 




Other 




Training 


No. 


% 


No. 


% 


No. 


% 


No. 




No. 


% 


1V\TAI All dsM. 

lui Ai< All rieids 


9.123 


100 
(100) 




inn 
(65) 


247 


100 
(5) 


966 


too 

(19) 


549 


100 
(11) 


BIOCHEMISTRY 


979 


19 


523 


16 


46 


19 


280 


30 


130 


24 


PATHOLOGY 


30 


1 


14 


- 


13 


5 


1 


mm 


2 




PHYSIOLOGY 


S38 


10 


365 


U 


32 


13 


58 


6 


83 


15 


MICROBIOLOGY 


48S 


10 


342 


10 


13 


5 


62 


6 


68 


12 


PHARMACOLOGY 


132 


3 


88 


3 


13 


5 


21 


2 


10 


2 


BIOMETRICS 


60 


1 


35 


1 


7 


3 


8 


1 


10 


2 


ANATOMY 


132 


3 


OA 
yo 




Q 
O 


3 


19 


2 


9 


2 


BIOPHYSICS 


453 


9 


iln 


o 


12 


5 


137 


14 


30 


6 


GbNETICS 


295 


6 


ISA 


c 
9 


1/ 


7 


86 


9 


36 


7 






10 




11 


7 


3 


89 


9 


59 


11 


CncMlSTRY 


1,077 


21 


807 


24 


4 


2 


193 


20 


73 


13 


PHYSICAL SCIENCES 
AND ENGINEERING 


105 


2 


90 


•» 


8 


3 


3 




4 


1 


HEALTH SCIENCES 


108 


2 


57 


2 


42 


17 


3 




6 


1 


ALL OTHER 


198 


4 


144 


4 


25 


10 


6 


1 


- 23 


4 


UNKNOWN 


7 




1 












6 


1 



* Percentages my not sum to 100 because of rounding. The percentage of fellows by academic level, att fields combined, is shorn 
parentheses. 

Source: NIGMS. Fellowship A ward Statements. 
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For tn^oinees, the median months of support per year increased 
steadily for all academic levels except pre-MI), reaching 9-12 months per 
year by 1964. The median fellowship support has been 12 months per year 
since 19()1. tJonsequently, the rapid increments in median dollars of stipend 
and dependency support for trainees between 1958 and 19G;5 reflect both 
changes in stipend level and increases in average months of support per 
youi\ After 19(54 for trainees and after 19(}1 for fellows, the increases in 
dollar support represent primarily increases in stipend level. Basic stipends 
(for a 12- month period) of predoctoral trainees and fellows have been Uxed 
since July 1, 19G5, at the following levels: 



First-year predoctoral ti'ainee or fellow $2,400 

Second-year predoctoral trainee or fellow $2,G00 

Third-yeai* predoctoral trainee or fellow $2,800 

Persons apj)ointed for less than 12 months **will be supported at the 
appropriate stijiend level on a pro rata basis.'* Postdoctoral stipends for a 
12-*month period for trainees and fellows are: 

With no relevant postdoctoi*al experience $6,000 

With one year relevant posUloctoral experience $6,500 

With two or more years relevant postdoctoral experience $7,000 



In addition to the stipend, allowances may be awarded at predoctoral 
and postdoctoral levels in the amount of $500 for any dependent who receives 
more than one half of his or her total support from the trainee. 

The median stipend and dependency support received during each 
fiscal year is tabulated in Table 17. At the pre-PhI) level, the fellows receive 
about $500 more than the trainees because their median months of 
support/year is longer, because they tend to be in their second or third year 
of graduate work rather than their first, and because they are more likely to 
have dependents. At the postdoctoral level, the post-MI) stipend and 
dependency .support is about $l,000/year more than that for post-PhD*8. 

From Table 18, it is apparent that pre-PhI)*s have the longest median 
duration of support when summed over all years of support. They receive an 
average of two academic years of support compared with an average of one 
year of support for postdoctoral trainees and fellows. As noted above, the 
pre-MD group of trainees is made up of medical students who receive 
short-term research experience for one or two summers. 

Are these stipend and dependency allowances adequate? The median 
stipend and dej)endency income for pre-PhI) trainees in fiscal year 1967 was 
$2,510, but it is not possible to determine in a strictly objective manner 
whethei* this is an adequate level of support because graduate students are 
not genei^ally classified as employed wage earners. However, a few statistics 
are available that provide a frame of reference to the financial status of 
graduate students. About half of the pre-doctoral trainees and fellows are 
married, and 20 percent of them claim dependent children.'** In 1965, the per 
capita income in the United States was $2,746, and in 1965 the median 
family income was $6,882.*** Data from the USOK Survey of the Academic 
ami Fhunicial Status ofdradnatv Students, Simng 1965, cited in (,'hapter I, 
show that the 17,550 bioscience graduate students of that year had a total 
income from all sources of $82,450,000, or an average of $4,700 per student. 



i^NIGMS, Program AnalysiH Branch, SICMS Indirect TraineeH, PAB 45b (August 
27, 1968). p.lO. 

**'U.S. Bureau of the (*onsus, StJitistical Abstract of the United StaU$ 1987 (U.S. 
<iov(M*nment Printing Otfloe, Washington, D.C), pp. 327 and 333. 
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TABLE 19 

NIGMS Trainee Stipend Levels Compated with Consumer Price Index, Piscsi Yeus 1958-1968* 



Fiscal Year 


Trainee Stipend Levels 
Predoctoral . 


Postdoctoral 


Consumer 

Price 

Index 


1958 


$1.6O0-2,00O 


$3,8004,600 


100.7 


1959 


1,800*2,200 


4,500-5.500 


101.5 


1960 


1.800«2.2O0 


4,500-5,500 


103.1 


1961 


1.800*2.200 


5,000*6,000 


104.2 


1962 


1.800-2,200 


5,000-6,000 


105.4 


1963 


1,800-2,200 


5,000^,000 


106.7 


1964 


1,800-2,200 


5.0OO6.000 


108.1 


1965 


2,400-2,800 


5,000-6,000 


109.9 


1966 


2,400-2,800 


5,000-6,000 


113.1 


1967 


2,400-2,800 


6.0O0-7.000 


115.0 


1968 


2,400-2.800 


6.000-7,000 


121.2 


Percentage Increment 1958-1968: 5040% 


58-52% 


20% 



^Prior to July /, 1965, project directors mid pay stipends at any level jmtififii by "institution 
policy"; since July 1, 1965, the official stipend levels are nmimaL 

Source: Communication from NIH. 

U.S. Department of Commerce, Statistical Abstract of the II.S.. 1967, p.S55. 



TABLE 20 

Time-Line Displays for Selected Trainees in Biochemistiy, Sliowing Years of Degrees, Years of NIGMS Support, and 
Amounts of NIGMS Support 



Time-Line for Selected Trainees 



Total Amount 

of Support Key to Symbols 



B R 

54 55 56 57 58 59 60 61 62 63 64 65 66 67 T- $15,000 

T T T 



FY 1953 



FY 1953 
B 

FY 1953 



FY 1953 



FY 1953 



FY 1953 



B 

FY 1953 



B 

54 55 56 57 58 59 60 61 

T F 

M 

54 55 56 57 58 59 60 61 



FY 1953 54 



62 
F 

62 

T 



M R 

63 64 65 66 67 T° $2,400 
F F F = $9,900 



63 64 65 66 67 T^ $2,496 
FT F = $5,200 



B 



55 56 57 58 59 60 61 62 63 64 65 66 67 T'' $4,583 

T 

B 

54 55 56 57 58 59 60 61 62 63 64 65 66 67 T= $4,142 

T T F F F= $7,200 

B R 

54 55 56 57 58 59 60 61 62 63 64 65 66 67 T» $104^00 

T T T T 

B 

54 55 56 57 58 59 60 61 62 63 64 65 66 67 $1*344 

T T F F F- $5,200 

54 55 56 57 58 59 60 61 62 63 64 65 66 67 T- $14,117 

T T T T T T 



T * Traineeship 
F - Fellowship 

B » Baccalaureate 

M' Master's 
R » Research 

Doctorate 
D * Professional 

Doctorate 



Source: NIGMS, Statement of Appointment of Trainee and Fellowship Aymd Statements. 
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A comparison of NIGMS stipend levels with the Consumer Price Index for 
the period 1958-1968 (Table 19) shows that predoctoral stipends increased 
40-50 percent; postdoctoral stipends increased 50-60 percent; and the Price 
Index went up about 20 percent over the same period. Although the 
predoctoral stipend level has increased faster then the Price Index, by 1967 it 
was still 10 percent below the United States per capita income and only 
about half the average total income of bioscience graduate students. 

In addition to studying the total amounts of NIGMS support, it is 
useful to investigate the various patterns in which this support is provided. 
Table 20 summarizes the case hist(n*ies of a number of i)ersons who received 
NIGMS support. A "time line" for each person li.sts the years from 1953 
through 1967. and above the line are printed symbols showing the year of 
receipt of academic degrees (baccalaureate, master's, research doctorate, and 
professional doctorate). Below the line, a second set of symbols indicates 



FIGURE 15 

Relationship between year of baccalaureate and year of first NIGMS 
traineeship, first NIGMS fellowship, and research doctorate, pre-PhO awar- 
dees of 1958-1967. 




POST-BACCALAUREATE YEARS 

Source: NIGMS, Statement of Appointment of Trainee and Fellowship Award Statement. 

National Research Council. Office of Scientific Personnel, Doctorate Records File. 
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yt'ai's in which trainooship ov fftlowship support was rccoivi'd. 'flu' total 
dollar amount of the support i« tahulutwl at Iho end of tho lino. 

Tht! placoniunt of trainwship or followsliip support in tho acaUeniic 
careor of individual students may bo quitn difforuiit. Howovyv, \vht?n all 
records are inspoctcd atid tabulutt'd, a rathor dothiito pattern of support 
boc'onu'S generally vislblf ^^•.l^t' Figure 15). If one takes the year of 
bamilaureate as a refttrence ix)int. the first traini'eship geni>rally eonie."* in 
the tirst post-baccalaureate year, and the frwjueney falls off rapidly for each 
succeeding year. Note that a per.son receiving support in his .stjeond oi* thirt' 
post-baccalaureate year could still be in his first year of grailuale .school if he 
had not attended schi>ol for one or more years after rectdving his 
undergraduate degree. The NUJMS fellowships seem to be concentrated in 
the second to fifth years after the Uiccalauveate. Combining these data with 
tho.se from Table 18, which show that most traineeships and fellowships last. 
1-2 years, the typical pattern is to use the traineeship to support th« studeai 
during his first one or two years of graduate work and then to shift him to 
some other form of support .such as an NKIMS fellowship or perhaps a 
research a.ssi8tantship for the remaining two or three years until h« 
completes the PhD. 

The fact that NIGMS trainees and fellows received support from other 
.sources is illustrated in Table 21. Of the doctorate recipients of fiscal year 
1067, 819 had received NIGMS suppoit ami had completed tlie que.stiori on^ 
the Survey of Earned Doctorates questionnaire indicating source."* of 
financial support during graduate school. The table shows, for instance, that 
98 of 819 (12 pei-cent) had received National Science Foundation (NSF) 
fellowship support. Half reported receiving NIII traineeships and half 
reported NIH fellow.ships (these were probably the NIGMS grants). Large 
percentages had teaching or research aasistantships,-" and a si/.«able number 
u.sed their own or their spouses' earnings. However, the NIGMS-supported 
group were less likely than the nonsupported group to have to use their own 
earnings or to be employed as research assistants, and so they were more 
likely to be able to devote full time to their graduate work. 

In fields such as biochemistry, physiology, and biophysics, the attainment of 
a PhD degree can be used as a meaningful measure of the contribution to 
professional manpower of the NIGMS programs. The main emphasis in 
graduate programs in these fields has been research training of predoctoral 
students. However, in pathology and other more clinically oriented fields in 
which many trainees already have MD'.s, the attainment of a PhD is usually 
not the goal, and therefore, not a good measure of the sufresfc of iVi*» ♦••♦r^lnhig 
program. Success of the latter postdoctoral types of training programs could 
be determined using end points, such as the attainment of specialty board 
certification, positions in academic institutions, and/or membership in the 
appropriate profe.ssional organizations. Unfortunately, data on these latter 
criteria were not available for the study, so the following analysis is largely 
concerned with PhD attainment, - 

Training grants and fellowships enabled NKiMS-supported .students to 
attain the PhD degree in one or two years less time than did tho.se from the 
same graduate departments who did not receive this support. Table 22 shows 
both total time and rcgiKtervd time'-* from baccalaureate to PhD for NIGMS- 

■-"It should be noted that these formal mechanisms of support (traineeships. 
fellowships, and teaching and research aasistantships) are provided sequentially, not 
concurrently, to graduate students. 

-'To/a/ time refers to total calendar time elapsed between year of baccalaureate 
and year of doctorate; registered time refers to the total time registered in a university be- 
tween baccalaureate and doctorate. 
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ERIC 



Other Sources 
of Support 



IMPACT OF SUPPORT 
ON BIOSCIENCE 
STUDENTS 



Time Lapse to PhD 



TABLE 21 

JgJJJjPjJ'jJJ^Suppo^ Reported by BkMoience RMMioh Doctontu of Fiical Yw 1967, NIGMS Awaidees Complied with 



Bioscience Researcii Doctorates of FY 1967 



With NIGMS Support 



Sources of Financial Support 



Without NIGMS Support 



Number 


Pwcent* 


Number 


Percer 


819 




1,037 




AO 

98 


12 


99 


10 


6 


• 
1 


8 


1 


412 


50 


93 


9 


390 


48 


111 


11 


S 


1 


18 


2 


17 


2 


22 


2 


28 


3 


49 


5 


64 


8 


88 


8 


14 


2 


26 


2 


68 


8 


113 


11 


17 


2 


4 




41 


5 


67 


6 


322 


39 


365 


35 


2S0 


30 


490 


47 


12 


2 


23 


2 


44 


5 


72 


7 


104 


13 


230 


22 


75 


9 


138 


13 


33 


4 


40 


4 


38 


5 


60 


6 


9 


1 


39 


4 



TOTAL BtoMience PhD*i Repoiting Support 

NSF FELLOWSHIP 

NSFTRAINEESHIP 

NIH FELLOWSHIP 

NIH TRAINEESHIP 

AEC FELLOWSHIP 

NASA TRAINEESHIP 

NDEA FELLOWSHIP 

OTHER FELLOWSHIP 

STATE FELLOWSHIP 

INSTITUTIONAL FELLOWSHIP 

WOODROW WILSON FELLOWSHIP 

OTHER NATIONAL FELLOWSHIP 

TEACHING ASSISTANSHIP 

RESEARCH ASSISTANTSHIP 

EDUCATIONAL FUND OF INDUSTRY. BUSINESS 

OTHER INSTITUTIONAL FELLOWSHIP 

OWN EARNINGS 

SPOUSE'S EARNINGS 

FAMILY CONTRIBUTIONS 

LOAN 

OTHER 



"Percentages are based on total bioscience PhD's reporting support Percentages total more than 10096 because students coutd 
indicate more than one source of fifuneial support. 

Source: NIGMS, Statement of Appointment of TYainee and Felhwship Award Sta^ments. 
National Raearth Council, Office of Scientific Personnel, Doctorate Records FOe. 



supported doctorate recipients and for non-NIGMS-supported doctorate 
recipients. In biochemistry, for example, those who received only NIGMS 
traineeships required a median total time of 5.8 years to complete the PhD; 
tho.se who received only NIGMS fellowships required a median 5.3 years; 
and those with both NIGMS traineeships and fellowships required 5.4 y<?ars. 
In contrast, those without NIGMS support, but from biochemistry dop'irt- 
ments that did have NIGMS training grants, required a median of 7.2 years 
from baccalaureate to doctorate, and th >.se without NIGMS support and from 
departments without training grants required a median' 8.2 years. It should 
be noted that the median registered time for these groups showed much less 
variation (4.6 years to 5.6 years). These data suggest that the NIGMS-sup- 
portefl .students complete requirements for the PhD in less time than the 
nonsupported group because they are able to remain in school as registered 
students. Almo.st all groups in all academic fields require a median 4 5-6 5 
years of registered time in a university to complete the Phf). Those who 
receive adequate support attain the PhD in about this time; those with less 
support have longer periods of nonstudent stetua and require more time to 
complete the degree requirements. 
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TABLK 22 

Median Time Upse tmm Baccalauroato to Doctorate (Total Time and Registered Time) for Fiscal Years I958-1967 Research Doctorates with 
or without NICMS Pre-PhD Traineeship or Fellowship Support, by VMd of Training 



Median Years Elapsed from Baccalaureate to Doctorate^ 



PhD Recipients without 

PhD Recipients with NIGMS Pre-PhD Support NIGMS Pre<PhD Support 



in in 

Total Trainees Trainees Fellows Trainee- Depts. with Depts. without 

Field of Training and Fellows Only Only Fellows NIGMS Support NIGMS Support 



Total Fields 


Total Time 


6.0 


6.3 


5.6 


S.6 


b 


b 




Registered 


S«2 


5.3 


4.8 


5*1 






BIOCHLMISTRY 


Total Time 


S.6 


S.8 


5.3 


S.4 


7.2 


8.2 




Registered 


S.t 


5.1 


4.6 


s.o 


5.4 


5.6 


PATHOLOGY 


Total Time 


6.S . 


6.5 


— 


— 


9.1 


9.6 




Registered 


S.3 


5.7 






6.1 


S.6 


PHYSIOLOGY 


Total Time 


6.4 


6.4 


6.7 


5.9 


8.2 


8.1 


• 


Registered 


S.4 


5.3 


5.5 


5.2 


5.8 


S.6 


MICROBIOLOGY 


Total Time 


6.7 


6.7 


6.9 


5.9 


8.1 


8.6 




Registered 


S.S 


5.5 


5.5 


5.4 


5.5 


S.9 


PHARMACOLOGY 


Total Time 


6.7 


6.9 


6.3 


5.9 


8.5 


6.9 




Registered 


S.4 


5.3 


5.2 


4.9 


5.4 


S.l 


BIOMETRICS 


Total Time 


7.0 


6.8 


— 


8.3 


9.4 


— 




Registered 


S.4 


5.3 


-~ 


6.2 


6.1 


mmmm 


ANATOMY 


Total Time 


6.2 


6.1 


6.7 


6.5 


8.3 


9.3 




Registered 


S.3 


5.2 


4.8 


5.3 


5.4 


s.o 


BIOPHYSICS 


Total Time 


S.7 


6.3 


5.0 


5.8 


7.7 


7.3 




Registered 


S.I 


5.4 


4.5 


5.3 


5.7 


s.7 


GENETICS 


Total Time 


6.2 


6.5 


5.8 


5.6 


7.9 


7.9 




Registered 


S.3 


5.4 


5.0 


5.0 


5.2 


4.9 


OTHER BIOSCIENCES 


Total Time 


6.0 


6.1 


6.7 


5.3 


b 


b 




Registered 


S.2 


5.1 


5.4 


4.8 






CHEMISTRY 


Total Time 


4.8 


6.5 


4.8 




b 


b 




Registered 


4.8 


5.3 


4.3 








PHYSICAL SCIENCES & 


Total Time 


6.4 


7.2 


5.7 




b 


b 


ENGINEERING 


Registered 


5.9 


6.8 


5.0 








HEALTH SCIENCE 


Total Time 


7.3 


6.6 


n.5 




b 


b 




Registered 


S.4 












MEDICAL STUDENT 


Total Time 


9.0 


9.5 






b 


b 




Registered 


S.4 












OTHER FIELDS 


Total Time 


7.5 


6.1 


12.0 




b 


b 




Registered 


5.4 


4.9 


5.8 









^Medians were calculated only when there were 10 w more cases. 

^Data for comparabit .ids were not available. 
Source: National Research Council. Office of Scientific Personnel. Doctorate Records File, 
MGMS. Statement of Appointment of Trainee and FeltowsMp A ward Statements. 
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Figure 16 summarizes graphically the (iuta for nine of the bioscience 
lielcis. It shows the bac(.*alaureate-to-(ioctorate time-lapse ilistributions (total 
time unci registered time) for NICMS trainees, NIGMS fellows, and non- 
NKJMS-supported doctorate recieients. 

It is clear, therefore, that the primary contribution of the training 
grant was that it allowed the potential bioscience graduate student to begin 
graduate training immediately, and it enabled him to devote full time to his 
academic work. The greater delay between receipt of the baccalaureate and 
entrance into graduate school of nonsupported students, aiul the resulting 
loss in educational momentum, was probably responsible for the fact tha^^ S2 
per cent of the non-NIGMS-.supported group took a master's beioi-e 
proceeding to the PhD as compared to 58 percent for those receiving NIGMS 
.support. . 

Even though baccalaureate-tt)-doctorate time lapse is markedly 
shorter for those receiving support than for the nonsupported, the amount of 
NIGMS support doca not correlate strongly with time lapse. That is. persons 
receiving two or three years of XIGMS support did not complete their PhD 



FIGURE 17 

Years elapsed from baccalaureate to doctorate (total time) for NIGMS 
pre-PhD's, by total months of NIGMS support, fiscal years 1958-1967. 




YEARS ELAPSED FROM BS TO PhD 



TOTAL 

MONTHS 

OF 

SUPPORT 


RESEARCH OOCTORATES BY YEARS ELAPSED FROM BS TO PhD 

Total 

3 or Known ^ ' ^ 
Less 4 5 6 7 8 8 Cases Qi Q2 Q.i 


No. 

1-12 % 


46 
4.0 


184 212 185 118 109 304 1158 49 
15.9 18.3 16.0 10.2 9.4 26.3 100.1 


6.2 >8.5 


No. 

13-24 % 


41 

3.9 


184 230 175 100 79 233 1042 
17.7 22.1 16.8 9.6 7.6 22.4 100.1 


5.9 8 .2 


No. 

25-36 % 


30 
3.3 


144 205 143 89 66 219 896 
16.1 22.9 16.0 9.9 7.4 24.4 100.1 


6.0 8.4 



Source: NIGMS, Statement of Appointment of Trainee and Fellowship Award Statement, 
National Research Council. Office of Scientific Personnel, Doctorate Records File. 
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degrees noticeably sooner than those receiving one year of suppoi-t (Figure 
17).-- This finding may reflect tlie tact that the XUiMS-supported students 
are a select group of graduate students and us such find other sources of sup- 
port easily available. Ti-ainees not in the program at the end of a year were 
pi-obably not "nonnupported" but rather, obtained support from some other 
source. In genei-al . comparisons of N 1 GM S-su pported versus non-N 1 C. M S-su p- 
ported persons may well be comparisons of a rather select, generally sup- 
ported group versus a less select and much less supported gn)up. 

In any case, it is evident that persons with NIGMS .support, either 
from the training program or from a fellowship award, attained the doctoral 
degree in a shortei- time and were less likely than other PhD recipients to 
depend on their own earnings, spouses' earnings, or research asaistantships 
for financial support in graduate school. Students receiving support are able 
to devote themselves full time to course work and research and can finish 
more rapidly because other obligations are reduced. 

NIGMS support also seems to be positively correlated with the PhD attain- 
ment rate, defined as the percentage of beginning pre-PhD's who ultimately 
attain the degree. Unfortunately, comparative statistics from other studies 
are almost nonexistent, so the effects must be accepted with caution. This 
study is one of the first to follow cohorts of pre-PhD's and to determine the 
percentage that ultimately received the degree. 

About 50 percent of those receiving training grant support ultimately 
attained the PhD, while 80 percent of those receiving fellowships attained 
the degree. Almost 85 percent of the students who had received both 
traineeships and fellowships ultimately received the PhD.(Figure 18).-' It is 
likely that the superior performance of the trainee-fellow group was influ- 
enced by the selection of trainees who had already demonstrated one to 
two years of satisfactory or superior performance in graduate school for 
predoctoral fellowships. The largest attrition in graduate training occurs 
during the first two years, and most NIGMS fellowships are awarded in the 
third and fourth years (Figure 15). Traineeships, which are awarded in the 
first and second years, support the less tested and selected group, and this 
probably accounts for their lower PhD attainment rate. 

These PhD attainment rates of NIGMS trainees and fellows compare 
favorably with those available from the few comparable studies that have 
been reported. For example, studies conducted by the American Institute of 
Physics-* show that of 3,800 beginning graduate students in physics in 
1962-1963, only about 1,100 received PhD's in 1966-1967. This corresponds 
roughly to an attainment rate of 30 percent. 

A follow-up study of doctorate attainment was conducted in the Office 
of Scientific Personnel as part of research on fellowship selection of National 
Science Foundation fellows." It showed that of all NSF bioscience applicants 
who were first-year graduate students in 1955 and 1956, 76 percent of the 

-^The difference in baccalaureate-to-doctorate time lapse for those receivinp: less 
than 12 months of support versus that for those i-eceiving more than 12 months of support 
does show some statistically significant variation, but differences in median time lapse (6.2 
versus 6.0) are of little practical significance. 

'-'■'The bars in P'igure 18 do not indicate cumulative percentages. They show the 
percentage of each of 10 cohorts who had received PhD's by fiscal year 1967. One such 
cohort was the group of "trainees only" who had had their baccalaureates for at least 10 
years, another was the group of students who had had their baccalaureates for 9 years, etc. 

-'*PhyaicH Education, Employment, and Financiul Support (American Institute >f 
Physics, N'ew York, 1984), Publication No. U-161. 

'"'Some Characterhtics of First-year and Intermediate Fellowahip Applicantn Eight 
to Ten Years Later, Technical Report No. 24 (National Academy of Sciences, Washington, 
i'.C. 1965), p. 1.5. 
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FIGURE 18 

Percentage of NIGMS pre-PhD trainees and fellows attaining the PhD, by years since the baccalaureate. 
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FIGURE 18 (continued) 
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ALL TRAINEES AND FELLOWS 



8 9 10 




Source: 



YEARS SINCE BACCALAUREATE 

NtGMS. Statement of Appointment of Trainee and Fellowship Award Statement. 
National Researcti Council, Office of Scientific Personnel, Doctorate Records file. 
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TABLE 23 

Characteristics of NUiMS-SupiMrted 
Pre-PhO's Who Did and Who 
Did Not Attain the PhD as 
of Fiscal Year 1967" 
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fellowship uwardees had I'ecoivod PhD's t(»n years later, ami only 84 percent 
of the nonawardees had. received PhD's by that time. Kor NSF fellowship 
applicants who were in the second or later year of graduate work in 1955 and 
lUot), the pei'centages wei'e 89 ptjrcent for the awardees and 70 percent for 
the nonawardees. The over-all total for the bioscience ai)plicants, summing 
awardees and nonawai'dees and all graduate levels, was 60 percent. The 
l)erf()rniance of XKIMS trainees and fellows compares very favorably with 
the highly stdective NSF fellowship program. 

A follow-up study of National Defense Education Act (NDKA) 
fellowship recipient.s was carried out for the U.S. Ofllce of Education by the 
Bureau of Social Science ileseart h. Inc.-*» Matching the records of 5,52i> 
NDICA fellows foi* the period lOGO-UM).'} against the Doctorate Records File 
showed that 2,497 (4r> percent; had attained research doctorates by fiscal 
year l?)()8. 

A comparison of characteristics of N IGMS-supported pre-I*hD who did and 
who did not attain the doctorate by fiscal year 1967 is pre.sented in Table 2:i. 
Men are more likely to complete the PhD than women. There is no signifi- 
cant difference between the percentage of U.S. citijcens and the percentiige of 
foi'eign nationals attaining the PhD. A greater percentage of tho.se with 
fellowship .support than those in the *'traineeship only" category completed 
the degree, retieeting the fact that fellows are selected from students who are 
well along in graduate work. Perhaps the most .striking statistic in the t«ible 
is the difference between the two groups in amount of support. The PhD 
recipients received markedly more support (in months and dollars) than did 
the non-PhD's. It appears, therefore, that while the total amount of NIGMS 
support does not correlate sti'ongly with time lapse to PhD, it does correlate 
with ultimate attainment of the degree. 

Field Switching Students in most academic specialties experience a certain amount of 

shifting in career choice in the course of graduate work, and bioscience 
students are no exception. Table 24 shows the shifting of NIGMS-supported 
pre-PhD students from baccalaureate to training field to doctoral field. For 
example, of 899 {Hjrsons who received NIGMS support for training in 
biochemistry, 185 (20 percent) had obtained baccalaureates in one of the 
biosciences, 589 (66 percent) had obtained theii' baccalaureates in chemistry, 
and the remaining 125 (13 percent) had obtained their baccalaureates in 
.some other field. After training, 732 of the 899 (81 percent) obtaineil their 
research doctorates in biochemistry and 167 (19 percent) obtained their 
research doctorates in .some other field. In some universities, graduate 
education in biochemistry is given in departments of chemistry, and degrees 
are awarded in this discipline. 

The shifts between baccalaureate and training field are somewhat 
difficult to interpret because many training fields do not exist as baccalaure- 
ate majors. It is of interest to note, however, that only 40 percent of the 
bioscience trainees and fellows were baccalaureates in any of the bio.science8. 
- - Chemistry majors and other science majors constitute most of the input to 
the NIGMS research-oriented training programs. 

Comparison of initial training field and PhD field shows that 66 
percent of the trainees and fellows received doctorates in the same academic 
field as that of training. 

Post-Traitiinj; Careers The ultimate impact of the training program is its effect on the professional 

capabilities of bioscience re.search manpower. After training, what kinds of 
professional careers do NIGMS-supported students pursue? For whom do 
they work? What is their major work activity? 13o they do productive 
research? This final section presents data showing type of employer and type 

-**Burfau of Social Science Keseurch, Inc* Stttilff of SDKA TiHv IV lu^dowHitiif 
I'ntur^un, / (WuHhinicton, l).<*.. 1968). 
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TABLE 24 

Field-Switching of Pre^PhD 
NGMS Trainees and l«ellows 
Who Attained the Doctonte, 
Baccalaureate Major-NIGMS 
Training Area-Research 
Doctorate Major 
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FIGURE 19 

First postdoctoral employer and primary work activity of fiscal year 1962-1967 
bioscience research doctorates who had or had not received NiGMS pre-PhO 
support. 




POSTDOCTORAL RESEARCH TEACHING ADMINISTRATION OTHER 
RESEARCH 

FELLOWSHIP FIRST POSTDOCTORAL WORK ACTIVITY 



Source: National Research Council, Office of Scientific Personnel, Doctorate Records File. 
NiGMS, Statement of Appointment of Trainee and Fellowship Award Statement. 



of work activity for PhD recipients with NIGMS support and without 
support, and it supplies data about the post-training careers of trainees who 
did not attain the PhD. These data are based on a follow-up letter that was 
mailed to 800 pre- PhD trainees who had received their first NIGMS 
appointment in the period 1958-1960, supplemented by data from the 
National Register of Scientific and Technical Personnel for trainees of the 
period 1961-1962. Of the 800 letters mailed, replies were received from 595 
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FIGURE 20 

Primary work activity of NIGMS pre-PhD trainees immediately after receiy- 
ing a research doctorate and 4 to 7 years later; and for those without a re- 
search doctorate, 6 to 9 years after training. 

WORK ACTIVHY 

I Immediately after doctorate | 6-9 years after training 

B 4'7 years*aftei doctorate 



PhD's NON-PhD's 




RESEARCH TEACHING ADMINIS- OTHER RESEARCH TEACHING ADMIMS- OTHER 

TRATION TRATION 

PRIMARY WORK ACTIVITY 



♦ Seventy percent of the NIGMS pre-PhD trainees who obtained a PhD were awarded the degree between 1961 
and 1964. Therefore, their reported work activity in 1968 was about 4 to 7 years after obtaining their degree. 

Source: NIGMS. Statement of Appointment of Trainee. 

National Research Council, Office of Scientific Personnel, 1968 Follow-Up Study 

of 1958-60 NIGMS pre-PhD's. and Doctorate Records File. 

National Science Foundation, 1966 National Register of Scientific and Technical 

Personnel. 

persons (74 percent); 480 of the 59.5 had attained research doctorates by 
fiscal year 1967. Information about an additional 327 trainees of the period 
1961-1062 who had not attained the PhD by fiscal year 1967 was obtained 
from the National Register. Types of po.sUloctoraI employers and types of 
postdoctoral work activities for these 922 former trainees are de.scribed in 
Figures 19 and 20 and in Table 25. 

Figure 19 indicates immediate postdoctoral employers and immediate 
postdoctoral work activities for three groups of bioscience doctorate 
recipients: (1) those who had receivwl NKIMS trainee or fellow.^hip support; 
(2) those who had not received NUiMS support but had obtained their doc- 
torates from departments with NIGMS training grant programs: and (.'i) 
tho.se without NRIMS support and from departments that did not have 
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NKJMS training grant programs, Thu thrtn? groups showed little variation in 
types of first postdoctoral employers, but they did show large differences in 
types of first postdoctoral work activities. 

Those doctorate recipients with XIGMS support were more likely 
than nonsupported IMiD's to obtain immediate postdoctoral fellowships. The 
greater percentage of the non-NIGMS-supported doctorate recipients be- 
came employtnl full-time, with research as their major work activity. The 
preselection of the more qualified students for traineeships and fellowships 
continues to be reflected in their subsequent ability to compete successfully 
for postdoctoral fellowships. Students who have uot had this support are 
probably older than those in the supported group, s\r;ce achievement of the 
degree takes more time for them, and they may therefore find it expedient to 
enter more ])ermanent positions inmiediately. 

Figure 20 compares the immediate postdoctoral work activity of 
NIGMS-supported pre-PhD trainees with their work activity four to seven 
years after receipt of the doctorate. It is apparent from these data and from 
similar studies that other functions compete with research more and more 
strongly as the person gains work experience, Of the doctorate re( 'pients 
who were in their first postdoctoral year, 24 percent were engaged in 



TABLE 25 

Employer and Primaiy Work Activity in 19664968 of NSGMS Pre-FhD Titinees Who Did or DM 
Not Recehfe Research Doctorates 



Percentage of NIGMS Fre-PhD Trainees Who Received the PhD 

By Employer in 1966-1968 By Work Activity in 1966-1968 



TOTAL 


100 


TOTAL 


100 


COLLEGE OR UNIVERSITY 


43 


Research 


S7 


HOSPITAL 


29 


Teaching 


24 


GOVERNMENT 


5 


Adininisttation 


10 


NONPROFIT ORGANIZATION 


4 


Professional Services 


6 


INDUSTRY OR BUSINESS 


11 


Other 


3 


OTHER 


8 







Percentage of NIGMS Prc-PhD Trainees Who Did Not Receive the PhD 



By Employer in 1966-1968 By Work Activity in 1966-1 968 



TOTAL 


100 


TOTAL 


100 


COLLEGE OR UNIVERSITY 


22 


Research 


48 


HOSPITAL 


23 


Teaching 


13 


GOVERNMENT 


20 


Administration 


12 


NONPROFIT ORGANIZATION 


4 


Professional Services 


20 


INDUSTRY OR BUSINESS 


19 


Other 


7 


OTHER 


12 







Source: NIGMS, Statement of Appointment of Trainee. 

National Research Council, Office of Scientific Personnel 1 968 Fotlow^Up Study of 
1958-^960 NIGMS Pre^PhD's, and Doctorate Records File. 

National Science Foundation, 1966 National Register of Scientific and Technical Per^ 
sonnet 



FIGURE 21 

Median number of publications and citations appearing 1964-1967 per 
bioscience research doctorate of 196M963, with and without NIGMS 
pre-PhD support. 

PUBLICATIONS DURING CITATIONS DURING 

15 1964-1967 1964-1 967 _ 



10 



Q. 

QC 
US 

a. 

cc 
ui 

OQ 

S 

3 
Z 



i 5 

LU 

s 



Source: 




NIGMS- 
SUPPORTED 



NON-NIGMS- 
SUPPORTED 



NIGMS- 
SUPPORTED 



NON-NIGMS- 
SUPPORTED 



BIOSCIENCE DOCTORATES OF 1961-1963 

Institute for Scientific Information, Source Index and Citation Index, 1964-1967. 
NIGMS, Statement of Appointment of Trainee and Fellowship Award Statement. 
National Research Council, Office of Scientific Personnel. Doctorate Records File. 



nonre-search activitie.s. This percentage grew to 43 percent for those with 
four to seven year.s of postdoctoral experience. Admini.stration was reported 
by only 1 percent of the first group, but by 10 percent of the latter group: 
teaching increased from 10 percent to 24 percent. 

Although the proportion of those engaged in research (including 
postdoctoi-al fellowship re.search) dropped from 7(> percent to 57 percent, in 
cenei-al, the former trainees appear to be more re.search-oriented than their 
ct)lleagm's. When compared with all bioscience PhD's in the National 
Register of Scientific and Technical Personnel, 57 percent listed reaean-h as 
their primary work activity, as compared to 46 percent for the Register 
bioscience PhD's. 24 percent listed teaching (25) percent in the KegLster). and 
10 percent listetl administration (17 percent in the liegisler). It must be 
remembered, however, that faculty members who list research as their major 
functi(»n c<mtribute substantially to the teaching programs in their institu- 

^*"""^* Figure 20 and Table 25 also compare the work activities of trainees 
who had received PhD's with those who had not received PhD's by fiscal 
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yt'ar 1007. The data show that 45 pereont of tht» iion-l'hD's hail found 
oniployniHUt in a univoraity or hospital, and so were i-ontrilniting to 
wlucation and health-i't'latt'd ai-tivitios. Tho effoct of the trainuuship is 
rt'fk'cted also In thu fact that 48 percent reported research as their primary 
work activity. 

Table 20 and I'Mgure 21 compare the publication and citation counts 
for NUJMS-supported blosclonlists with counts of nonsupported bioscien- 
tists who received I'hD's from NKiMS-supported departments Hoth groups 
were PhD recipients during the period lOGMjmS, and the publication and 
citation counts are for the period 1 904-1 {)U7. Therefore, the two groups have 
been nuitchifd for time of receipt of PhD. type of gruiluate department, and 
period of publication; however, the proportion of bioscientists within each 
subfield was not matched. The results are tabulated by PhD field. 

The median number of publications (19G4-1%7) for the former 
N'IGMS trainees was 4.0 compared with 2.1 for the non-NKIMS group. Only 
VI percent of the NIGMS group had no publications during this four-year pe- 
riod, compared with 22 percent for the uon-NIGMS group. The differences in 
citation rates are even more striking. Former trainees have a median of 14.1 
citations to their works (1964-1967) as compared with 4.4 for the non- 
NIGMS group. These data indicate that the NIGMS trainees who attained 
PhD's were generally mort; productive In their research than PhD's from 
matched fields and departments who had not been NIGMS trainees. 



SUMMARY • After a period of Initial growth, the numbers of XKJMS-supported 
trainees and fellows leveled off In 1965 at approximately 7,700 and 1,100 
ptir year, respectively. 

• In the period 1958-1967, a total of 28.50:j persons received NIGMS 
training support. Of these, 23,.S80 were "trainees only"; 3,759 were "fellows 
only"; and 1.364 received both tralneeshlp and fellowship .support. 

• The tyi)ical pattern of support was to use traineeshlp funds to support 
the student during his first one or two years of graduate work and then shift 
him to .some other form of support, such as an NIGMS fellowship or perhaps 
a re.search asslstantshlp for the remaining two or three years until he 
completed the PhD. 

• During the course of their grjiduate study, the NIGMS-supported 
students did receive support from other sources, but they were much leas 
likely to be dependent on their own earnings or research aaslstantshlpa than 
non-NIGMS-supported bioscience graduate students. 

• The baccalaureate-to-PhD time lapse for NIGMS trainees and fellows 
was one to » years le.ss than for non-NIGMS-supported doctorate recipients 
In matched Ids and from matched graduate departments. 

• The PhD attainment rate for NIGMS-supported students compared 
favorably with that reported In the few similar studies available. About 50 
percent of the pre-PhD "trainees only" ultimately attained the PhD; 80 
percent of the "fellows only" attained the degree; and 85 percent of the 
"trainee-fellows" received PhD's. This compared with a 76 percent attain- 
ment rate ft)r all NSF bioscience fellowship awardees who were first-year 
graduate students in 1955 atul 1956 and a 45 percent attainment rate for 
NDK.A fellf)wshlp recipients of the period 1960-196:5. 

• The NI(;MS training program dr«'W heavily for .student input from 
baccalaureate majors in chemLstry and other nonbiological sciences. Howev- 
er, most trainees (.59 percent) who received PhD's indicated their PhD field 
to be the same as the training field. 
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• A largur proportion of doctorate riufipitMits with NUiMS support 
assumed inunudlatu posttloctoral research fellowships than did tliosu without 
this support. 

• As the doctorate-recipient gvo\xp gains professiofuil maturity, it per- 
forms more diversifiwi functions. liy 4-7 years after the doctorate, the 
proportion of former NKIMS trainees engaged primarily in research 
(induiilng postdoctoral fellowship restjarch) dro|)ped from 7() percent to 57 
percent. The percentage in administration and in teaching in(!reased. 

• Forty-five percent of the trainees who did not attain the I'hl) found 
employment in universities or hospitals and were engaged iti health-related 
activities. The training program.s are therefore contributing skilled persons 
to the biomedical manpower iwol in addition to those who attain the doctoral 
degree. 

• Doctorate recipients supiM)rted previously by NI(»MS training grants 
prwiucwi on an average more publications of hightn- quality (as judged by 
numlwr of citations to their work in the literature) than those without 
NIGMS support and from matched graduate departments. 
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RECOMMENDATIONS 

CONTINliVnoiN 
LEV EL OF SLin»ORT 

PATTERNS OE SUPPORT AND ADMINISTRATION 
COiMIINLEI) EV ALL'ATION 



The Advisory Committee of eight bioacientists met frequently durini? the 
course of the study to review the data and suggest additional questions that 
needed more thorough investigation. The resulting tabulations were many 
times as detailed and voluminous as those presented in this report. After 
studying all the information that had been collected, the committee held two 
final meetings--a four-day meeting in July 1968 and a two^ay meeting in 
December 1968--devoted to the difficult task of interpreting and evaluating 
the data. The following recommendations summarize the committee's 
judgments of the implications of the study to NIGMS. The recommendations 
have been grouped into four maior categories. 

CONTINUATION Recommendation: Although the rapidly changing character of graduate 

education hampered evaluation of the effects of the Graduate Research 
Training Grant Program on total bioscience PhD pr^^^^ 

/^^TtT^*''"''''^^^ ^""^'^^^ ''"P*^^ «" departments and on the 
students. The program, therefore, should be continued. 

* program, as stated in the introducto^ 

chapter of this report, are being achieved. - . 

ments-^' P**®^**" ^as had a positive impact on the training depart- 
a. Graduate student enrollments and PhD production of depart- 

wrthour'ilJ.ftrfn ft a faster rate than did those of departments 

without grants. In biochemistry, for in.stance, the number of fiilUime stu- 
dents in departments with NIGMS support doubled between 1960 and 1965 
but enrollments in departments without support went up only 50 percent 

In? ""^^ VMr m'J^^' ""^^i"' ^^"•'^ PhD p.Jduction of de^S: 

ments with NM(,MS supiKjrt increased about twice as fast between 1958 and 
1967 as corresponding outputs In departments without support. Kven 
though other factors also contributed to these differential growth rates the 
training grant program appears to affect PhD output positively. The exact 
amount of the effect cannot be determined from the data. 
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b. The departments atUleU new equipment, which expanded their 
research training capacities. 

c. departments were able to add new faculty and strengthen their 

programs. 

d. Training grants facilitated the development of new PhD-grant- 
ing departments and interdepartmental programs. 

e. In applying for ti-aining grants, departments were required to 
make careful evaluations of current graduate programs, and this critical 
re-examination frequentlv resulted in program revision. 

2. The program has had a positive impact on the training of 
students: 

a. The PhD attainment rate of students receiving NIGMS support 
was high. About 50 percent of the NIGMS pre-PhD trainees and over 80 
percent of the NIGMS pre-PhD fellows attainetl the degree. These attain- 
ment rates compare favorably with those reported in the few similar studies 
available from other programs. 

b. The baccalaureate-to-doctorate time lapse for students with 
training grant support is less than that for students in the same depart- 
ments, but without N IGMS support, by one or two years. 

c. Almost 50 percent of the bioscience doctorate recipients who 
had received NIGMS training suppt)rt were awarded immediate postdoctoral 
research fellowships, while only 29 percent of doctorate recipients from the 
same departments, but without NIGMS support, were awarded postdoctoral 
research fellowships. 

d. Doctorate recipients supported by NIGMS grants produced, on 
the average, twice as many publications as nonsupported PhD's from the 
same departments, and their publications were cited three times as often by 
others, suggesting research of higher quality. 

LEVEL OF SUPPORT Recommendation; The number of students supported annually by the 

NIGMS training grants should be determined by the national need for 
high-level bioscience manpower. Until wide-ranging studies of societal need 
for such manpower for I'esearch, teaching, and administration can be 
completed, it is recommended that the results of recent studies be accepted to 
establish temporary manpower goals. These available studies suggest that 
the number of bioscience doctorates should be increased — perhaps doubled 
— to meet future requirements. 

1. The projection of manpower requirements is an uncertain process 
dependent on the nature of the assumptions made. Data cited in the 
introductory chapter indicate that the projected supply of bioscientists with 
research doctorates is' markedly less than the projected demand. These 
scientists will be needed to perform research, staff medical schools, and teach 

— - in the biosciences in colleges and universities. 

2. An adequate baccalaureate pool exists — adequate in numbers and 
quality — for an expansion of doctoral output Comparison of the number of 
bioscience PhD's with numbers of bioscience baccalaureates shows a ratio of 
roughly 1 PhD to 12 baccalaureates. This ratio is about 1 to 6 for the physi- 
cal sciences. The Academic Performance Index of bioscience baccalaureates 
compares favorably with those of baccalaureates from other disciplines. 
Therefore, a doubling of the ratio of PhD's to baccalaureates in the 
biosciences should be possible without a lowering of the quality of output. 

Recommendation: The stipend level for pre-PhD NIGMS trainees should be 
increased. An initial step increment t>f 26 percent should be made, and, 
thereafter, stipends should be related to the cost-of-living index. 
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1. Tlu; NIGMS stipend for a prt'-I»hl) tmint't' ($2,400-$2,800 per 12 
months), even when supplemented by a depemlenev allowance of $')()() pur 12 
months pel- dependent, is about half the average yearly expens(?s of a 
bioscience graduate studitnt. In recognition of this fact, present govei'nnient 
policy allows universities to "supplement" student stipends from non-Kedor- 
nl funds in an amtmnt not to exceed $1,000 per 12-month period.* The 
reconitnended 25 percent increment would bring the annual stipend level to 
$a,0U0-$8,r)()0 and would removt! the need for the university supplenujnt. 

2. If the above recommendations (increasing both the nunibtjr of 
trainees supported and the stipend per trainee) were put into effect, a large 
increase in training grant funds would be required. In addition, however, it 
should be recognized that increased support for traineeships, while neces- 
sar>', is not sufficient. Research training implies the existence of active 
research programs and research facilities in the departments involved. 
Therefore, increasing the number of trainees retiuires ahso increa.sed support 
for research and research facilities. It is recommended that NIGMS ti-alning 
grant support be coordinated with planning for research and facilities 
support by NIII. 

3. The committee recommends also that a separate study be made 
with regard to the adequacy of NIGMS postdoctoral stipends. 
Recommendation: A cost-of-education allowance equal at least in amount to 
the stipend allowance should l)e provided by NIGMS to be used in improving 
the research training capability of the department. 

Data indicate that the cost-of-education portion of the total training 
program support has been decreasing in recent years. In 1966, co.st-of-educa- 
tion support amounted to $2;J.2 million, or 53 percent of the total training 
program support. By 1968, this amount decreased to $21.1 million, or 47 
percent of the total. The committee recommends that this support not drop 
below 50 percent because of the importance of these fUnds to departments in 
maintaining training capability and quality. 

PATTERNS OF liecommendation: The present NIGMS policy of utilizing peer judgment by 
SUPPORT AM) competent bioscientists in the selection of review and advisory committees 
ADMIMSTRATiniV ^^^^^^ ^ continued. However, a broader representation of the bioscience 

professional community should be sought in such consultation. 

The committee proposes that a systematic procedure be developed 
that would allow department chairmen, professional society personnel, atid 
other groups to cooperate with NIGMS in devising lists of potential 
committee members. Review and advisory committee members should be 
selected by broad sampling from these lists. 

Recommendation: It. shmild he pnaaihtp tr> mr.vo atn/ionta nnd off trnining 
grants as local conditions demand. Any student who has been supported at 
any time by the training grant shouUl be credited to the training grant 
_ . - program when the effectiveness of the program is being evaluated. 

1. The data show that most trainees received training grant support 
for one or two years, typically during the first two years of graduate work. 
The remaining two or three years of work were generally supported from 
other sources, including fellowships and research assistantships. In contrast 
to this actual practice, recent NIGMS policy has required trainee appoint- 
ments to be for the full peiiod of graduate training. The committee 
recommends that the NIGMS policy be made more flexible by permitting the 
department to utilize the various methods of graduate student support at its 
disposal as seems most helpful for the graduate student. 

2. In evaluating the effectiveness of graduate student support 
programs, the Vhl) recipient is often credited to the source of support during 
his final year of graduate study. This process seriously underestimates the 

As of June 14, 1968. policy chan{!;es in NIH removed the $1000 limit from 
non-Federal supplementation. UndiT speotai circumstances, supplementation up 
to $1000 per annum from Federal, but not NIH, funds may be permitted. 
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contribution of the NIGMS training proj^ram, whicli has supported many 
students during the initial stages of graduate training but not during the 
final year of study for the doctorate, therefore, it is recommended that all 
students supported by NlttMS traineeships at any time in their graduate 
work be counted as redpients of NIGMS aid. 

Ueconifiiendation: Present N KiMS policies, which (1 ) emphasize predoctor- 
al training, i2) attempt to balance support between on-going programs and 
new programs in departments where (luality can be developed, and (Ji) 
continue departmental support for new programs for a minimum of five 
years, are useful and should be continued. 

1. For those nonclinical disciplines where attainment of the PhD is 
the normal goal of the training program, primary emphasis should continue 
to be placed on supporting the predoctoral programs. Other sources of 
support, such as research grants, would be generally more appropriate for 
postdoctoral students. 

2. The quality and productivity of on-going programs and newly 
established programs should continue to be assessed periodically. 

3. The data show that the time lapse from graduate school entry to 
the PhD for pre-PhD trainees is between five and six years, so support for 
training programs at institutions should ordinarily continue for a minimum 
of five years. 

Recommendation: The NIGMS Graduate Research Training Grant Pro- 
gram should have among its goals that of providing an oppoi-tunity for the 
educationally and culturally disadvantaged to pursue careers in biomedical 
research. It should be i-ecognized that such students may recjuire more 
support than cui-rently enrolled students. Such programs should be evaluated 
carefully to see that they have attained their stated objectives, making 
allowances for the beginning level of the students, 

Reconmiendation: Periodic evaluation of the NIGMS training program is 
desirable. Future evaluation would require the continued collection of data 
describing the various aspects of the program, including (juality aspects, as 
objectively as possible. However, there will continue to be a need for expert 
subjective evaluation of these programs. 

1. The present study is ba.sed on a large number of objective data that 
describe many aspects of the NIGMS training program during the past 
decade. These descriptive statistics are essential for evaluation and for 
administrative uses. They should continue to be gathered. The data file will 
become increasingly valuable with time. 

2. Kvaluation of the NIGMS program — as oppo.sed to its description 
— preseiits many difficulties, which have been discussed in this report. 
Future studies will continue to need expert subjective judgments provided 
by people with broad experience in the areas being surveyed. 

J5. In addition to the rather general evaluative problems noted above, 
some very specific ones appeared during the study: 

' • Information about the contribution to training of other NIH 
institutes was available in part (introductoi-y chapter) but not in sufficient 
detail. P'uture studies would be more meaningful if all NIH institutes with 
training programs participated. 

• (Comparative statistics (NIGMS versus non-NKJMS) were 
frequently not available. The committee suggests that NIGMS support the 
collection of relevant data from departments without training grant pro- 
grams in order to provide comparative data. 
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• Some {greater degree of coordination should bi? instituted so 
that NKtMS data collection and coding will be maximally compatible with 
that from other data sources. For instance, specialties lists from the National 
Institutes of Health, the National Science Foundation, the U.S. Office of 
Kducation, and the Natiotial Academy of Sciences describing academic fields 
differ widely, introducing the possibility of error when these data sources are 
niergcil. 

• Certain potentially valuable data sent to NIGMS from the 
NIttMS-supported departments are not in readily retrievable form. For 
example, the expenditure reports contain very useful information, but the 
data are not in machine-retrievable form and so are not readily available for 
analysis. The committee suggests that procedures for collecting and storing 
data be modified to make data more usable. 

• Merging of all NIGMS traineeship and fellowship records for 
a given individual would be greatly facilitated if each record contained the 
person's Social Security Number, 
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History of Federal Goveriiiiieiit 
Support for Research and Training 
in the Biomedical Sciences 



An expanding research-and-development program requires an increase in 
the number of scientists prepaml to carry out the investigations involved. 
This was clearly recognized during World War I and, at that time, the 
National Academy of Sciences was called on to mobilize the nation's 
scientific personnel and capabilities to the support of the war effort. The 
National Research Council (NRC) was created by the Academy to organize 
research-and-development projects essential to the conduct of the war and to 
locate and secure the scientific personnel and facilities needed to implement 
these projects. After the war, the g. • ernment asked the NRC to continue its 
activities with the p'trpose of " !..reasing knowledge, strengthening the 
national defense, and contributing in other ways to the public welfare." 

Meanwhile, the scope and responsibilities of the Public Health 
Service, reorganized in 1912, were broadened by Congress to include support 
of research training. In 1930, the Hygienic Laboratory was redesignated by 
an Act of Congress as the National Institute of Health. In this legislation 
(PL 71-251) the first authority was given for the establishment of fellowships 
within the NIH. The Institute was authorized to assume training responsi- 
bilities in the area of its interest. 

Sec. 3. Individual scientists, other than commissioned officers of the 
Public Health Service, designated by the Surgeon General to receive 
fellowships may be appointed for duty in the National Institute of 
Health established in this act. During the period of such fellowships 
these appointees shall hold appointments under regulations pi*omul- 
gated by the Secretary of the Treasury and shall be subject to 
administrative regulations for the conduct of the Public Health 
Service. Scientists so selected may likeirise be designated for the 
profteeution of investigations in other localities and institutions in 
this and other countries during the term of their fellowships, 
(emphasis added) 

The direct training authority was extended in 1937 by the Act that 
established the National Cancer Institute (PL 75-244) and its National 
Advisory Council. 

Sec. 2. The Surgeon General of the Public Health Sei-vice is author- 
ized and directed: 

(d) To provide training and instrnction in technical matters relating 
to the diagnosis and treatment of cancer; 

(e) To provide feUowshi{ts in the Institute from funds appropriated 
or donated for such purposes, (emphasis added) 

During World War II the crucial need for research scientists was 
again brought to the attention of the nation. The research training program 
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necessary for maintaining an adequate force of trained scientists became a 
matter of great import. As a nuuins of assuring an adeiiuate and continuous 
pool of traincHl scientific personnel, Vannevar Bush, Director of the war time 
Office of Scientitic Research and Development, recommended in the summer 
of li)45 that a National Research Agency be established and funded by 
Congress ••for promoting the flow of new scientifii; knowledge and the 
development of scientific Uilent in our youth." After extended debate in 
Congress on the purposes, prerogatives, and authority of such an agency, the 
National Science Foundation (NSF) was established in 1950. Among the 
purposes of the Foundation was that of ••awarding scholarships and 
graduate fellowships in the mathematical, physical, medical, biological, 
engineering, and other sciences." The NSF was charged with the formulation 
of a broad national policy designed to assure ••that the scope and the quality 
of basic research in this country were adequate for national security and 
technological progress." The research program of the Foundation was not 
intended to supersede the basic research programs of other agencies, but it 
was given the responsibility for a continuing analysis of the whole national 
endeavor in basic research, including the evaluation of the research 
programs of other Federal agencies. 

In 1944, by the Public Health Service Act (PL 78-410), the Surgeon 
General, and through him the NIH, was given the general authority to 
conduct research both intramurally and extramurally. Sec. 301 of this law 
established the Public Health Service (PHS) as a granting agency in the 
area of the medical sciences. 

Sec. SOI (d). The Surgeon General shall conduct in the Service and 
encourage, cooperate with, and render assistance to other appropriate 
public authorities, scientific institutions, and scientists in the c<induct 
of, ami promote the coordination of,, research, investigations, experi- 
ments, demonstrations, and studies relating to the causes, diagnosis, 
treatment, control, and prevention of the physical and mental diseases 
and impairments of man . . . 

In carrying out the foregoing assignment, the Surgeon General was 
authorized by the Congress in PL 78-410, and subsequent amendments 
thereto, to •'make grants-in-aid to universities, hospitals, laboratories and 
other private institutions and to individuals*' for such research projects as 
were recommended by the National Advisory Health Council and the 
National Advisory Councils appointed for each Institute. 

In 1946 the National Mental Health Act (PL 79-487) established a 
National Advisory Council on Mertal Health and a broad program of grants 
with explicit authority for the support of training and instruction. 

Sec. 303. In carrying out the purposes of section 301 with respect to 
mental health, the Surgeon General is authorized ... 

(1) To ivrovide training and instwction, in matters relating to psy- 
chiatric disoniers to persons found by him to have proper qualifica- 
tions, and to fix and pay to any of such persons as he may designate 
a per diem allowance during such training and instruction of not to 
exceed $10, the number of such persons receiving such training and 
instruction to be fixed by the National Advisory Mental Health 
Council; and 

(2) to provide such training and instruction, and demonstrations, 
through grants, upon recommendation of the National Advisory 
Mental Health Council, to public and other nonprofit institutions, but 
only to the extent necessarv for the purposes of such training and 
instruction, (emphasis added) 

Late in 1945 a Research Grants Division (later named the Division of 
Research Grants) was established in the NIH to administer (1) the projects 
that were being transferred from the wartime Office of Research and 
Development to the Public Health Service at the end of the World War II and 
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(2) the extramural research grants and fellowships of the t\S. Public Health 
Service as these (ievelopeU under the authorization carried in the Public 
Health Act. The mechanics for providing support for research and fellowship 
programs in medical and related sciences were thus established in the NIH. 
During H)48, research grants and fellowship awards amounted to nearly $U 
million. The related XSF program would make its first awards in 1950, 

The National Heart Act (PL 80-()55) in 1948 authoriml the 
establishment of the National Heart Institute and changed the name of the 
National Institute of Health to the National lufititutes of Health, This act 
also extended and broadened the training provisions contained in the 
National Mental Health Act as follows: 

Sec. 412. In carrying out the purposes of section 801 irith respect to 
ifearf diseases, the Surgeon General, through the (National Heart I 
Institute . . . shall , . . 

(g) In accordance with regulations and from funds appropriated or 
donated for the purpose (1) establish and maintain re.search fellow- 
ships in the In.stitute and elsewhere with such stipends and allowances 
(including travel and subsistence expenses) as he may deem necessary 
to train research workers and procure the a.ssistance of the most 
brilliant and promising research fellows from the United States and 
abroad, and, in addition, promde for such fellowshipfi through yrants, 
upon recommendation of the {National Advisory Heart | Council, to 
jmblic and other nonprofit institution.H; and (2) provide training and 
instruction and estahlim and maintain traineeships, in the Institnte 
and elsewhere in matters relating to the diagnosis, prevention, and 
treatment of heart diseases with such stipends and allowances 
(including travel and subsistence expenses) for trainees as he may 
deem necessary, the number of persons receiving such training ana 
instruction, and the number of persons holding such traineeships, to be 
fixed by the Council, and, in addition, provide for such training, 
instruction, and traiveeships through gmnts, upon recommendation of 
the Council, to public and ither nonprofit institutions. 

Sec, 414. The Council is authorized to . . . 

(c) review applications from any public or other nonprofit institution 
for grants4n<iidfor training, instruction, and tmineeships in matters 
relating to the diagnosis, prevention, and treatment of heart diseases, 
and certify to the Surgeon General its approval of such applications for 
grants-in-aid as it determines will best carry out the purposes of this 
AkCt ( » 4 



By 1950 seven institutes had been authorized and established as 
components of the "National Institutes of Health." These were: 



Date 

Established 


Name 


Public Law 


1937 


National Cancer Institute (NCI) 


75-244 


1946* 


National Institute of Mental Health (NIMH) 


79487 


1948 


National Heart Institute (NHI) 


80^55 


1948 


National Institute of Dental Research (NIDR) 


80-755 


1948 


National Institute of Alleigy and Infectious Diseases 
(NIAID) 


Administrative 
action 


1950 


National Institute of Arthritis and Metabolic Diseases 
(NIAMD) 


81-692 


1950 


National Institute of Neurological Diseases and Blindness 
(IjINDB) 


81-692 



*Established as the Division of Mental Hygiene in 1946, renamed as the National Institute of Men- 
tal Health in 1949, and separated from the NIH and niaed to bureau status in the PHS by a PHS reor- 
guiization effective January 1, 1967. 
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The PHS Acts Amendments (PL 81.(>02), which established the 
NIAMD and NINDB, extended the training authority to the institutes 
already in existenci* or to be established in the future, where such training 
authorities were not otherwise provided: 

Sec. (a). Where an institute has b(5en establishes! under this part, 
the Surgeon Cieneral shall carry out the purposes of section *Ml with 
respect to the conduct and support of research relating to the disease 
or diseases to which the activities of the institute* are directwi 
(including grants-in-aid for drawing plans, erection of buildings, and 
acquisition of land therefor), through such institute and in coopera- 
tion with the national advisory council established or expanded by 
reason of the establishment of such institute. In addition, the 
Surgeon General is authorized to provide training and instruction 
and establish and maintain traineeships and fellowships, in HUch 
institute and elsewhere, in matters relating to the diagnosis, preven- 
tion, and treatment of such disease or diseases with such stipends and 
allowances (including travel and subsistence expenses) for trainees 
and fellows as he may deem necessary, and, in addition, provide for 
such training, instruction, and traineeships and for such fellowships 
through grants to public and other nonprofit institutions. The 
provisions of this subsection shall also be applicable to any institute 
established by any other provision of this Act to the extent that such 
institute does not already have the authority conferred by this 
subsection. 

The authority for the support of training and instruction was rather 
specifically pointed to "professional training related to the cause, prevention, 
methods of diagnosis, and treatment" of the particular disease or group of 
diseases constituting the scope of activity of the particular institute. Because 
of restrictions in their responsibilities and prerogatives arising from their 
''disease orientation" designations, these institutes have become known as 
the *'categorical institutes." 

In 1946. the Division of Research Grants (later sometimes called the 
Division of Research Grants and Fellowships) was given the responsibility in 
the NIH of operating and administering a program of extramural research 
grants and fellowships of both a categorical or a noncategorical nature. 
Initially, 21 study sections were appointed to consider applications for 
grants and to make recommendations to the various National Advisoiy 
Councils whose function it was to advise the Surgeon General on the worth of 
the applications. These study sections were broad enough in the areas 
covered to allow consideration of applications from any basic area of medical 
and related sciences. 

The purpose of the Research Grants program inaugurated at that 
time under authority of the Public Health Service Act (1944) was: 

... to stimulate research in medical and allied fields, research that would 
not be undertaken otherwise because of lack of support, by making 
available funds for such research and actively encouraging scientific 
investigation of specific problems on which scientists agree that 
urgently needed information is lacking. Accompanying this purpose 
is complete acceptance of a basic tenet of the philosophy upon wnich 
the scientific method rests: the integrity and independence of the 
research worker and his freedom from control, direction, regimenta- 
tion and outside interference. 

The purpose of the Re.search Fellowship program established in 1945 under 
the same authorization was: 

... to further the development and training of competent research 
workers in the medical sciences and relat^ fields . . . and is closely 
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rtjlattni to the purpows of the lit^^earcli Grants program. IThom? 
fellowships wore to be uvaihible). , .to individuals who have had 
postgraduate work in institutions of recognized standing in the 
various fields of medicine and related sciences, such as biology, 
chemistry, physics, and entomology, public health, medicine, dentist- 
ry, veterinary medicine and others,-^ 

A primary objective of the Fellowsliip Award i)rogram was to 
stiinulate promising young scientists toward the improvement of their 
itjsearch capabilities, It could also serve to incv^ase and upgrade the 
scientific manjx)wer pool available to carry on the needed research and 
teiiching in the medical sciences. The Kesearch Grant program was 
established to stimulate and encourage existing trained scientists to carry on 
studies needed to expand knowledge in the critical health-related fields. Both 
programs could function, however, only through existing training centers 
(e.g. established universities) and would not serve, directly, to stimulate the 
e8tabli^^>hment of new training centers nor the improvement of the quality of 
existing centers. Neither of these modes of support would have much direct 
influence upon the population of scientific personnel to whom such grants 
and awards could be assigned. 

At least two circumstances had to be provided to stimulate an 
increase in supply and quality of scientific manpower. First, the number of 
undergraduate and graduate students who would eventually enter this area 
of endeavor had to be increased. Secondly, the number of training 
institutions offering the required training had to be expanded and the 
quality of training offered by established training institutions, as well as by 
newly formed institutions of that type, had to be improved. These goals could 
be achieved by granting support (1) to students who were interested but as 
yet uncommitted to the training disciplines that were needed and (2) to 
institutions, also interested and either committed to or not yet committed to 
offering training in these disciplines. 

The "training and instruction** authority accorded the Institutes in 
their fields of interest was pointed toward the goal of increasing the supply of 
nianpower capable of carrying out duties "in matters related to the 
diagnosis, prevention, and treatment** of the disease category of the 
particular institute involved. These categorical limitations severely restricted 
the kinds of training that could be supported by a given institute. There 
exist many fields of basic knowledge that impinge upon the problems rele- 
vant to the disease assignments of a given institute but that are of such 
broad significance and application as to apply as well to the problems of all 
the others. It was recognized tiiat training programs would need to be given 
support that (1) was of such a nature as to apply to the problems of more 
.than one institute and (2) was not necessarily categorically oriented. As in 
th.r caso of the Research Grant program and the Fellowship Award program, 
a mechanism was needed through which support of training and instruction 
programs could be given not only in the categorical areas of health-related 
problems but in all the basic areas of the field as well. 

Correlated with a main objective of the Federal granting program, i.e. 
that of increasing the size and quality of the nation's scientific manpower 
pool, is the need that the areas of manpower shortages be identified and that 
the shortages be rectified through support of training programs focused on 
these areas. Two such fields in which a critical shortage of well trained 
persons was early recognized and for which a training program could not be 
restricted, as to interest and application, to any single categorical institute^ 
were the disciplines of biometry and epidemiology. 

Early in 191?*^ the National Advisory Health Council adopted a 
resolution that recommended that the PUS stimulate appropriate schools of 



•'C. J. Van Slyke, •'New Horizons in Medical Research/* Nr/<»«ir, (^IV (1«,I46; 551). 
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luiblic hoaltli to untlt'Vt»ikc» mow, iu^livo |a*<»>;rums lin* ti-nininp; Ijiostulistii'iaiiH 
tbi- i'(»Ht;iu'i!h K»>U»»\viug visits hy a suht'oinniitU'o t>f tho Katituuil 

AUvistH'y itoulih Coii.m'il. li numbor «»f upplU-ut tV»>ni avi'ft»liteU siIiouLh of 
puhlli- iu'iillh wtTo aubniilKKl. TIumv I'NiAlctI, huwi'vor, n» mechanism 
tlirt>uy:h whii'ij a i aiva ofwido. noiu'att'Ki^vinally llmitini. appliealion, Hiu^h as 
Uituwotry. I'ould bo aovtu'iU'il 8U{)iu>rt tor U'aiiuii^' programs. In rtHH»Kuiti«a ot' 
thodiro n»'t'ii that iriMniag proj^ranw in biometry In' initiatt'd without delay, 
tin? NiUional Advisory Heart I'ouiU'ii recommended that support be provide 
ed, on a om»-year basis, hy the National Heart Institute. Hix programs were 
approvetl for sj»pport in VMl In Hh'i t the National Advisory Heart Couneil 
unanimously reeommonded reafllrnuition of its intent tt) eontinue .»*uppt>rt of 
the program.'? in these s«.'hools for an adiUtioual five years. Other schools were 
ini'Uuled in the program during H»r>r>-H)5(). In li)5U the National Advisory 
Cancer (Niuneil ree.tmmiended approval of an epidemiology training grant. In 
the same year, as a move designed to simplify their numagement, the 
Division of Ueseareh Grants aeeepted responsibility for administering the 
training programs in these two areas, epidemiology and biometry, with 
funds allocated from six institutes for this purpose. Thus, the need for 
training grant supptirt in fields that eoukl not be logieally assigned tt) any 
single categorical institute was recognized, and a mechanism was inaugu- 
rnted through which support could be given to such programs from fumlH 
that were originally appropriated to the indiviclual institutes. 

It was already becoming apparent that a considerable expansion of 
support inU) the various areas of the basic health-related sciences was needed 
in t)rder to .stinuilate the increase in the manpower pool that was required for 
carrying on essential research programs. Training in any of the basic 
medical sciences could be expected to be utilizable in others, and in the more 
applied areas as well. It was argufd that training program support should be 
accorded to all basic health-related sciences similar to that which was 
currently being given the already designated areas of scarcity, biometry and 
epidemiology. 

Many of the Institutes attempted to take care ofthe.se needs insofar as 
possible but, because of the imp(»rtance of such areas, various Study 
Sections, Councils, and Institutes urged that a special basic science 
training program be established. In October, 1957, the first announce- 
ment went out to academic institutions throughout the country that 
funds were available for the support of graduate training in the basic 
medical sciences. . . .Karly in 1958, undek' the administration of the 
Division of Research Grants and with the strong support of all the 
Institutes, two meetings were held of a new "General Research 
Training (Committee" .... This Committee recommended the ap- 
proval of about $800,000 woith of training grants. This, then, was the 
start of a program directly supporting training in the basic medical 
sciences.-'* 

As an outgrowth of these and other forces, in .June 1958 a new 
division in the Institutes, the Division of General Medical Sciences (DGMS) 
was formed by congressional directive. It was chartered to promote 
"research and training through grants in all scientific fields basic to general 
medicine, aging and public health, including the clinical and preclinical 
sciences." Thus, for the first time. Congress directed the Public Health 
Service to support training in the basic sciences without the necessity that 
this training be associated with a particular disease or condition. In its 
function this division would be noncategorically oriented in contrast to the 



'-"♦Frederick L. Stone. "A Brief Hintory of the Research Truining Grunts Program 
at the National Institutes of Health" (January 1959). 
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cHtogoricul oriontution of tho iiiMiituWH tiumiHulvtm. AdtuiiUHimtively tho 
mm ilivision coiisisUHl of: 

1. A Uoscaivh Tmiiuiig liratich chur^iil with tlu* VosponHihility of 
pronioiint? aiui diroetin^ bionuHlieal ivHoarch U'uihinj; iiroKrains (involving? 
tho uwurdinK of tmininK KvatUs in bionunUoal tm^nivh trainiu)? aivas), tho 
t^stablishnuMit of riwareii foUowships in tho«i^ a^vas, ami thi> ^> Tel4)pnient of 
oxporinuMital tminiuK !^»'<>KJ'Hm8 in modieal schoolnand rolatou instilutionst 
It would pronioU* iiieroa«ed training opportunitit^H in opidomiology, biom«* 
try, Ktmetica, anatomy, biochemistry, pathology, physiology, pharmacology, 
nurse research, and other special disciplines or artms, 

2. A (jenerai Kesearch (irants Branch to adniinistei grant programs 
in basic nuHlical sciences relating to general medicine, aging, and public 
health, including clinical and preclinical sciences, 

\l A ('enter for Aging Research Branch (transferred from the 
National Heart Institute) to direct a program aimed at bringing the full 
range of biological, physiological, and social science research to bear on the 
phenomenon of aging, (This branch was transferred to the NU'HD in 1965,) 
In 1962, under PUS Act Amendment (PL 87-8«8), The Division of General 
Mtniical Sciences was raised to "institute'* status and given the name. 
National Institute of lieneral Medical Sciences (NICJMS), At the same time 
(Congress authoriiced the establishment of a new Institute of Child Health 
and Human Development (NK'HD). 

Authorization for the establishment of the NIGMS^ contained in this 
legislation, reads: 

Sec, 442, The Surgeon CJeneral is authorized, with the approval of the 
Secretary, to establish in the Public Health Service an IiKstitute for 
the conduct and support of remirvh and research i mining in the 
general and haHie mediml Heie7icesi and related natuml or beharii>ral 
sciences which have significance for two or more other institutes, or 
are outside the general area of responsibility of any other institute, 
established under or by this Act. 

This Act also specifically stipulated that, in Section 301 (d) of the PHS Act, 
the phrase "research or research training projects" be used to replace the 
more limiting phrase "research projects" contained in the original, thereby 
providing more explicit legislative authority for the training programs of the 
entire Public Health Service, 

Thus the eight institutes other than the NIGMS are authorized to 
"provide training and instruction" in the areas of their interests. It would 
also appear that these institutes may "conduct a^?d support research and 
research training" in these same areas. The NKtMS authorization stipulates 
that it "conduct and support research and research training in the general 
or basic medical sciences and related natural and behavioral sciences" with 
no other limitations than (1) that the pmgram to be supported must be 
broader in application than can be circumscribed within the area of interest 
of any single one of the categorical agencies and (2) that the programs to 
be supported must provide training for research. 

Since 1958, DGMS and NiGMS research training grants have 
constituted a major source of NIK support for the training of students in 
some 30 disciplines in the basic medical sciences. By fiscal year 19B7 NIH 
programs accounted for approximately three fourths of the total /ederal 
support of graduate training in the biosciences (see Table Al), Table 2 in 
Chapter I snows the NIGMS contribution to training grant and fellowship 
aid as a percentage of the total NIH effort in these areas. Table A2 indicates 
how the NIGMS training grant support has been distributed among the 
various disciplines since 1958. 
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r»K«nti«e DUcribution uf I'utkl NKiMS rralhtngCittnt Support. hy tf dning PMd, Piical Yem 19584968 



I'ivlii itri'iaiuing 

YamAUi>icUi( 



Aneithvsiuiogy 

Clmical Atiestn^siology > 
Bcluviora! Sconces • • 
Hiociwmmry ( 



Hio*intortnation 

Bioti^cdicAl Enginacrbg i 

Biametrv • • • 

Biophysical ScicnctJS 

Continuing Scientific Development 



Dcrntatology , 

Ucvdopmental Sciences 
Environmental Sciences 
Epidemiology 
Evaluation i i • • • • • • 



E^perimcntiil Colleges ... 

Genetics 

Laboratory Anitnal Sciences 
Medicinal c:hemistry • • • • 
Medical Scientist 



Medical Student 

Microbiology 

Multi-biological Sciences 
Multi-medical Sciences • 
Nursing • • i i 



Nutrition . • * 

Pathology 

Pharmacology 

Clinical Pharmacology 
Physiology 



Radiology 

Si 



Surgery 

Taxtcology . . . . 

Scientific Planning and Evaluation 



Fervent of Total l-unds by l^iscal Year 
i960 



1958 

5.6 
2.0 



am 

17. t 



a? 

0.9 
20.4 



4.9 



16.9 



16.4 
4.7 

as 



19$9 

100.0 

7.4 
1.8 



17.5 
0.7 
9.9 



l.t 
5.0 

12.2 



5.3 



8.0 

1.0 
1.0 



0.2 
13.6 
9.2 

4.6 



1.5 



100.0 

6.7 
1.1 



IS.7 
0.^ 
7.3 



1.7 
6.1 

7.4 
0.4 



1.0 
7.7 



3.7 
7.1 
1.0 
1.4 



a6 

13.1 
9.5 

Ia 



0.7 
0.1 

a8 



1961 

99.8 

7.3 
1.0 



13.3 

0.5 
0.5 
5.7 
4.9 



b 

3.7 
2.7 
5.0 
0.2 



0.6 
8.4 



3.3 
7.4 

a3 

2.2 



1.8 
12.3 
8.8 

8.3 



0.4 

ai 

1.1 



1962 

ibat 

6.4 

1.0 

0.6 
12.5 



as 
a6 

6.0 
7.1 



5.2 
2.6 
4.7 
0.2 



1.3 
7.2 

0.3 



3.1 
8.5 

as 

1.9 

a3 



1.3 
11.7 
7.5 

8.1 



a6 
ai 
a3 



1963 



100.0 

5.7 
0.9 

r.2 

11.6 



a4 

a7 

6.5 
6.0 



4.1 

3.7 
4.0 

a2 



1.2 
6.6 

04 



4.1 

7.9 
1.4 
2.0 

a8 



1.4 
11.3 
7.7 

9.1 



as 
ai 
as 



1964 



99.8 

6.1 
09 

2.8 
12.8 



0.4 
1.5 
7.0 
6.2 



c 
d 

^3.7 

<ai 



1.2 
7.1 

0.5 
1.0 

3.8 
7.4 
3.4 
2.1 



1.5 
108 
8.4 

8.4 



OS 
06 
0.6 
1.1 



196$ 



100.2 

6.4 
1.1 

3.5 
12.7 

Ol 
1.6 
6.8 
6.4 
Ol 



19^6^ 

100.2 

5.9 
2.4 

3.7 
12.3^ 

I 

2.3 
6.2 
6.0 
02 



3.1 
Ol 



2.6 

01 



0.9 
7.4 

06 
OS 
_09^ 

3.7 
7.3 
4.0 
1.5 



08 
6.4 
07 
06 
1.6 

3.0 
6.7 
3.7 
1.1 



1.8 
lOS 
8.4 
03 
8.1 



1.7 
9.6 
8.2 
04 
6.8 



06 
0.5 
0.8 
OS 



2.8 
3.1 

09 
05 



1967 

99.8 

6.2 
2.6 
2.3 
5.5 
12.0 



3.0 
5.0 
S.8 



1.7 
e 

0.8 
6.2 

U 
2.1 

08 
6.1 
3.8 
1.1 



1.5 
85 
7.1 
08 
6.4 



3.4 
4.1 

1.3 
06 



1968 

lOOO 

S.6 
2.8 
2.2 
4.2 
11.8 



3.0 
5.9 
5.7 



2.5 



07 
6.1 

08 
3.2 

f 

64 
4.2 
1.0 



1.6 
9.1 
7.5 
08 
6.0 



3.5 
4.2 
1.1 

h 



^transferred to Natioml Library of Medicine (1966) 
"Transfemd to NIAMDfi9filf 
^Transferred to NICHD (1 964} 
ZTransferred to Environmental Health (1964) 
^fPhased out (1967) 
'J'hased out (1968) 

^Transferred to Division of Nursing (1964) ^. , . . , 

'^Not available and tiot taken into account in calculation of percentile distribution in the 1968 column 

Source: NJGMS, Research l>aining Grants Branch, 
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MlGMS Aeadeiiiic Specialties Lists 

. . I*^ tabulntioMH in this report spticify fourteen academic tieldn 
plus "All Other" and "Unknown." The field of tralniiii? of NIvJMS trnineefi 
wa.H tnken from the ucademiu specialty of the review ot)mniittee that 
considered the training grant application. The specialties list for these 
committees js Appendix F in the NIGMS coding manual. 

The field of training for NIGMS fellows is coded from the NIGMS 

I)i8cipline/Specialty/Field (I)/S/F) Codes." The following table shows the 
relationships among the fields used in this report, Appendix F of the NIGMS 
coding manual, and the D/S/F codes. 



TralniH> Fi<>ldii from 
Tralnlnii t:ominitt«« 

Tr«lnln|t Flt'ld.. Sp«.|iifHr« LUt Ffllownhlp VWld* 

I MHi in thin Kvptirt (Appendix F) From II/.S/F co.k» 



Rioi*hemiHti> 

FathoIoKy 

PhyHioloKy 

MicrobioIoKy 

PharmacoIoKy 

Biumetries 


Hiocht»mistry 

PathoIoKy 

Physioloffy 

MicrobioloKy 

Pharmacology 

Biomathematics 

Biometry 

Computer Research 


Biochemistry 

Pathology 

Physiology 

Microbiology 

Pharmacology 

Biostatistics 

Biometrics 

Biometry 

('omputer Programming 
Mathematical Biostatistics 
Public Health Statistics 
Mental Health Statistics 


Anatomical Sciences 


Anatomical Sciences 


Anatomy 


Biophysics 


Biophysical Sciences 


Biophysics 
Radiology 


Genetics 


Genetics 


Genetics 


Other Biosciences 


Kpidemioloffy 
Multidisciplinary 

Biolojary 
Cell Biology 
Toxicology 


Entomology 
Hydrobiology 
Ecology 
Cell Biology 
Zoology, NEC 
Botany, NEC 
Biology, NEC 
Other General Medical and 
Biosciences 



Chemistry Medicinal Chemistry Polymer Chemistry 

Clinical Chemistry Organic Synthesis 

Medicinal & Pharmaceutical 



Organic Chemistry 
Physical Chemistry 
Inorganic Chemistry 
Analytical Chemistry 
Other Chemistry 
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Vnt*i\ ill thiH Uvporl 



Tr«linu' VMih from 



l*V«iii ll/S/F i»r«dfH 



MHtiu^intUii'H 

Karth ami rolatwl xiioiioi^H 







M u 1 1 id i so i pi i na ry nt od ic im 




riiuiiUii KuHi^urch ^' 


Hadiatiuni nonclimval 




Mt*dival Soii'UtiHt 


Nutrition 




MulttdiHc*i))liiUiry 


Internal Medicine 




Modicitu* 


Allergy 




!Cutritiuniil Sciences 


IVdiutrirs 




tUtiiii*iil PharniHL^olotfV 


Obstetrics 






Gvnecoluirv 






Surgery 






Otorhinoiaryngology 






Neuropsychiatry 






Neurology 






l*syehiatry 






Preventive Medicine 






Other Clinical Medicine 






Clinical Dentistry 






i«vtiivi4 miiiiiiiinvi oviwii 






Nursing 






Veterinary Medicine 






Pharmacy 






Accident Prevention 






Disease Prevention & 






Control 






Dental Public Health 






Mental Health 






Water Pollution ('ontrol 






Air Pollution Control 






Environmental Kngineering 






Food I^rotection 






Occupational Health 


Medical Students 


Medical Student *Ke»earch 


(No program in this area) 


All other 


Evaluation 


Psychology 




Behavioral Sciences 


Sociology 




Bio-Information 


Anthropology 




Rxperimental ColieKeH 


Social Work 




Lab. Animal ScionceB 


Other Social Sciences 




Continuing Scientific 


Agricultural Fields 




Development 


Not elsewhere classified 




Not elsewhere 






classified 





Clinical Research included radiology before 1066; since then« radiology has been a separate field. 



aimm;m)ix c: 



Stale and Kegiciiuil Suiiiiiiary 

cifOadiiale Kdiieatioii and t iiiaaeial Support 

in Selected Uioseieuee Fields** 



' The selected bioscience fields include biochemistry, pathology, physiology, microbiology, 
pharmacology, biometrics, anatomy, biophysics, and genetics. 



SOURCE, M(.MS, Statement ofAppointment of nainee and PelhwshipAw^ 

NIGMS Sumtnuy of Grants A Awttdi - FY 1967. National Science 
n^Hr^^' ^^^^ Support to Unhrenitin A CoOefes FY 1963-1966 (NSF 6 7.l4i 
United States Office of Education, Enrollment for Advwoed D^greei, Fill 1964 
Nitlond ReMuch CouncU. Office of Sdentiflc PSnonnel. Doctonte Records File. 



APPENDIX C 

Sttit Md RigldMl SumiAiiy of Oratfuite Educttioti ind FintncUl Sut>t>«t in seMctid BkMdence PMdi 





Humbei af BH)icli$tii«« <f riduate 
Studanu Viwal Yeat I96S 


Number of FhlXiiantint Uvpartmenti in Sele«t«t 
SiuKlf Mtcal Yuri 1958*1967 


riKal Yaall9b7 


Toial 




hut'tima ^ 


ToUl 


liupport 


tt/il limit MKIM^ 

Support 


Total 


With ViCiMS 

Tiaiftaaship 


Without NIGMS 
Tramaakhlp 




rif* 

Number v9At 


Humbar ml 


Numbar ctnt 


Par" 

Numbft cahl 


Numbar ctnt 


Hi* 

Numbar «artt 


Numbar 
2i423 99.8 


Numbar cent 


Number eant 
IJil lOO.t 


TOTAL All SUlii 


V,776 99.S 


7.22^ yytB 


2|39U yy.ri 






AAk 998 


712 V 7 


mnt 

VdtiAont 
MiuichuiiUi 
RhoiteliUnd 
CoiUMcUcttt 


7 at 

25 Vi3 

43 a4 

27S 2J 

27 a3 
219 2J 


5 01 

36 OS 
230 3.4 

14 041 
170 2.4 


2 01 

1 — 

7 03 
25 1.0 
13 OS 
49 t.9 


t 01 

7 0.1 

5 06 
49 S.S 
U t.2 
16 14 


ft v.* 
3 07 

2i 4.7 
3 07 

13 2.9 


1 02 
6 1.3 

2 04 
28 «.3 

8 14 

3 07 


6 02 
3 01 
114 4.7 
11 OS 

52 11 


1 01 
45 6.3 

3 04 
24 3.4 


^6 0.4 
2 01 

69 4.0 
a OS 

28 1.6 


TOTAL, 
Htm KmM 


S96 6.1 


499 6.9 


97 34 


89 10.0 


41 9.2 


48 107 


186 7.7 


73 102 


113 6.6 


Niw York 
Nnntylviam 


9 in 9.4 
t7S 1.S 
4S6 4.7 


6S4 9.0 
106 1.5 
272 3.8 


264 I03 
72 18 
184 74 


100 11.2 
17 1.9 
57 64 


6 1.3 
22 4.9 


11 15 
35 7.8 


jr.* 

41 1.7 
103 4.2 


67 9 4 

12 1.7 
33 44 


162 9.5 
29 1.7 
70 4.1 


TOTAU 
MiidltAtiiJitk 


1,SS2 1S.9 


1,032 14.3 


520 203 


174 194 


84 18.7 


90 20.2 


373 154 


112 13.7 


261 15.3 


Ohio 

lUliioii 

Mkhliifi 

Wiiconiln 


340 33 

25 1 '.D 

68$ 7A 
370 3,8 


265 3.7 

536 74 
269 3.7 


75 19 

mm V*w 

152 5.9 
101 4.0 
01 


30 3.3 

23 24 
42 4.7 

24 17 

li 16 


17 34 
U 15 
28 6.2 
16 34 
10 12 


V^ 2.9 
1; 17 
14 3.1 
8 14 
4 09 


65 17 
106 4.4 
132 54 
100 4.1 

91 3.8 


9 1.3 
n 3.9 
(4 9.0 
32 4.5 
28 3.9 


56 3.3 
78 4.5 
68 4.0 
68 4.0 
63 17 


TOTAL, 

BtHNtitlhCtMfll , 


2^ 20.6 


1408 22.2 


401 1S.7 


133 14.9 


82 18.3 


51 114 


494 204 


161 216 


333 194 


MkniwioU 

Mimitfi 
Notth DtkoU 
South Dakota 
NtbnukA 
KiiliM 


321 

272 2J 
212 24 

S4 as 
18 a2 
78 0.8 
199 2.0 


16! 2.2 
254^ 34 
140 1.9 
48 07 
17 02 
30 04 
98 14 


160 6,3 
20 OS 
72 24 
6 02 
1 

48 1.9 
101 4.0 


10 1.1 
17 L9 
24 2.7 
8 09 
8 09 
7 OS 
16 14 


9 2.0 

11 15 

12 2.7 

2 04 

3 07 
9 10 


1 02 
6 1.3 
12 17 

6 1.3 
8 14 
4 09 

7 14 


76 3.1 
58 24 
36 1.5 
6 02 
8 03 

911 1 1 
20 1.1 

53 24 


27 3.8 
8 LI 

8 1.1 
1 01 

9 UbD 

9 1.3 


49 18 

50 2.9 
28 14 

5 03 
a OS 

22 13 

44 24 


TOTAL, 

WmI North Cmtil 


US4 tlJ 


746 103 


408 16.0 


90 101 


46 103 


44 9.9 


263 108 


57 M 


206 110 


DiUwaii 
MifyUnd 

M^fetorCotumbii 
ViifMi 
WMtVlisinla 
North Ciroliiii 
South aroUM 
Gtoitia 


306 3.1 
218 tl 
70 a7 
90 a9 
273 2.8 
36 a4 
117 U 
131 1.3 


257 34 

136 1.9 
59 OS 
43 06 

200 2.8 
36 OS 
58 08 

103 14 


"49 T.9 

82 3.2 
11 04 
47 14 

73 19 

59 13 
28 1.1 


4 04 

16 14 
25 24 
16 14 
7 OS 

23 2.0 

7 OS 
12 L3 
19 11 


r4 *3.1 
5 1.1 
4 09 
4 09 

14 Al 

"7 1.6 
12 17 


4 09 

2 04 

9A A < 

2U 4.9 

12 17 

3 07 

0 2.0 

7 14 

5 1.1 
7 14 


6 02 
58 24 

27 11 

20 OS 
15 06 
95 19 
10 04 
39 14 
43 14 


27 3^8 

K 0.7 

3 04 

8 LI 
32 44 

"5 07 
11 14 


6 03 

31 1.8 
22 1.3 
17 1.0 

7 04 
63 17 
10 06 
34 2.0 

32 1.9 


TOTAL, 
SMthAUMtic 


1,241 12.6 


892 113 


349 134 


129 144 


60 134 


69 154 


313 119 


91 117 


222 110 


Ktntucky 
TsfinMMO 
Atahum 
Miiaiiiippt 


72 a7 
203 2.1 

61 M 

62 a6 


46 06 
164 13 
31 04 
56 OS 


26 1.0 
39 LS 
30 1.2 
6 02 


12 1.9 
18 10 

8 09 

13 14 


C If 

9 1.1 

14 3.1 
3 07 
3 07 


7 1 A 

4 09 

5 1.1 
10 24 


to 118 
25 1,0 
13 OS 
17 07 


6 04 
11 14 
1 01 
5 07 


13 OS 

14 OS 

12 07 
12 07 


TOTAU 

Emi South CMital 


398 4.0 


297 4.1 


101 3.9 


51 5.7 


25 54 


26 54 


74 10 


23 34 


51 3.0 


ArkiniM 
LouMini 
Oktahomi 


66 a7 
t91 1.9 
183 1.9 
421 4.3 


40 05 
160 2.2 
146 10 
336 4.6 


26 1.0 
31 1.2 
37 14 
^-SS 2:2. 


5 06 

14 1.0 

15 1.7 
33 3.7 


4 09 

b 9 A 
9 2.V 

5 1.1 
13 19 


1 02 
< t 1 

9 1*1 

10 24 
20 44 


11 04 

38 14 
90 17 


6 OS 
17 14 
6 OS 

21 19 


5 03 
3ft It 
32 1.9 
69 4.0 


TOTAL, 

WiltSouthCMttal 


861 8.8 


682 94 


179 7.0 


67 74 


31 6.9 


36 S.0 


192 7.9 


50 7.0 


142 S.3 


Nfvadft 

Moiiuna 

Idaho 

Wyoming 

Colotado 

New llexioo 

Artcona 

Utah 


32 as 
9 ai 
7 at 

147 

S3 05 
108 1.1 


25 03 
2 
3 

115 14 
2 

39 OS 
86 1.2 


7 03 
7 03 
4 02 
32 1.2 
2 01 
14 OS 
22 0.9 


6 07 

2 OJf 

3 021 
16 Ul 

2 o:e 

3 0;l 
18 10 


"5 r.i 

1 02! 
8 14 


6 1.3 

2 0l4 

3 07 
11 15 

2 04 
2 04 
10 12 


17 07 

9 A f 

3 0.1 
7 03 
41 1.7 
1 

30 1.9 

29 1.2 


"1 01 

7 LO 

A AK 

8 LI 


17 1.0 

6 03 
34 10 
1 01 

t2 1% 

21 14 


TOTAL, 
MouuMi 


360 3.6 


272 3.7 


88 34 


50 54 


14 3.1 


36 8.0 


134 54 


20 18 


114 6.7 


Waihifigtoii 

Ovmn 

C^oraii 

Alaiha 

Hawaii 


196 2.0 
212 2.1 
1.141 11.7 

55 06 


164 2.3 
190 24 
793 11.0 

"Sl 07 


32 1.3 
22 09 
348 134 
1 

4 02 


16 14 
14 14 
75 8.4 
1 Ot 
5 OS 


13 19 
8 14 
42 94 

*2 04 


3 07 
6 1.3 
33 74 
1 02 
3 07 


57 14 
47 1.9 
282 11.6 

" 8 03 


22 3.1 
13 14 
87 112 

3 04 


35 10 
34 10 
195 114 

'5 03 




1.605 164 


1.198 164 


407 16.0 


111 114 


65 144 


46 103 


394 16.2 


125 174 


269 18.7 
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Nttmb«iofrhn'f 


NumNi orPeriom 
titli^iul and Uuptm 


RfctlvlMMRM! 

KeUowi 


NIUMS Fundi AUoctiod, All Fi«l4f, 


Fddetil A«i6imic $cknc$ Suppniti 
AttFidldt, Filial Y«a» 1966 




Total 


Tftin««l 


Tol«IAUov«tlQn 


Only 


InitituHoniwith 
NIUMS SuppotI 


Inttitutionb without 
NltiMS Support 


NumlMt mt 


r»^ ! He- 

Number mnt i Numbur veni 


ThouMndi 9m* 
of DolUri 99ti\ 


Thouimdi fi^ 

oTDoUm «8III 


Thooiindi Hf* 
ofDoUin Ml 


HiouiMdi Jhf' 
otOottart omt 


2a.a95 99.S 


18,963 99.d 1 4,418 99.9 


136,(56 99.8 


43.294 994 


1,923,214 1000 


235.077 99.9 


TOTAL AiSltlM 


a - 
3t o«a 

8 - 
1,298 6.4 
109 03 
§93 1.9 


188 1.0 
59 a3 

1,289 6.8 
157 0.8 
5t2 2.7 


2 ai 
27 a6 
6 at 

543 12.3 
17 a4 
W 3.5 


153 Ol 
694 OS 
2^5 02 
11,591 8.4 
755 0.6 
3,475 24 


17 

141 03 
112 03 

3,385 7.8 
378 09 

1,234 2.8 


2.829 02 
8.951 04 
5.046 OS 

142459 74 
17,879 09 

41.183 2.1 


' 948 04 
13 

493 03 
10.490 44 
871 04 
1.695 07 


Maine 

New Hampihlre 
Vermont 

Rhode Mand 
Connecticui 


1,846 9.0 


2.208 11.6 


751 17.0 


16.963 124 


5,267 12.1 


218,347 114 


14310 6a 


lUTAL, 

NtwEi^laMl 


2.447 12.0 
447 2.2 
967 4.6 


2.244 11.8 
248 1.3 
1.201 6.3 


377 83 
72 1.6 
16S 3.7 


16.923 12.4 
1.311 09 
7.816 9.7 


5,244 12.1 
406 09 
2,802 64 


216,763 11.3 
37487 1.9 
105.777 94 


34305 14.7 
U12 04 
10.643 44 


New Tors 
New iertty 
fsnniyhiBift 


3.861 19.0 


3.693 19.5 


614 13.9 


26,050 19.0 


8452 194 


360.027 107 


46.360 19.7 


TOTAL. 
MiMeASantte 


749 3.7 
843 4.1 
1,36S 6.7 
989 4.9 
662 3.3 


690 3.6 
317 1.7 
1.261 6.6 
593 3.1 
507 2.7 


124 2 J 
189 4.3 
355 80 
145 3.3 
143 3.2 


3,940 2.9 
2,762 ^0 
7.892 9.8 
4,115 3.0 
4.045 3.0 


1495 34 
877 2.0 
3,276 7.6 
1.754 4.0 
1,200 2.8 


68,042 34 
42405 la 
127.219 6.6 
87.404 44 
42.038 2.2 


16.425 7.0 
5.028 2.1 
6.893 2.9 

10312 44 
3379 1.7 


Ohio 

Miana 

OUnoii 

WiioOQiia 


4.608 22.7 


3.368 17.7 


956 21.6 


31,206 22.8 


8,602 19.9 


367.108 19.1 


42.837 184 


TOTAL, 

eaitNoitliOaaM 


406 2.0 
S3S 2.6 
418 2.1 
40 0.2 
28 0.1 
169 0.8 
237 1.2 


511 2.7 
237 1.2 
594 3.1 
37 0.2 

^69 OA 
306 1.6 


43 1.0 

101 2.3 
50 1.1 

22 as 
3 ai 
12 a3 
74 1.7 


2.893 2.1 
2,368 1.7 
2.078 1.5 
161 Ol 
24 

221 0.2 
1.233 09 


1,323 3.1 
485 1.1 
626 14 
97 02 

"60 01 
576 1.3 


34.435 1.8 
23.280 1.2 
44,998 2.3 
1.204 01 
1,242 01 
9^959 05 
18333 1.0 


7.896 34 
3330 14 
4.195 14 
3,229 14 
4,109 1.7 
519 02 
1,639 07 


Minnesota 
Iowa 
Miteouri 
North Dakota 

£#Vft«4Si ff\A^j%SA 

Nebraska 
Kaniaa 


1.833 9.0 


1.754 9.2 


305 6.9 


0.7 f O WW 


3.167 7-3 


133^51 6b9 


25.117 107 


TOTAL, 

Weet North tetaei 


48 0.2 
3$4 1.7 
322 1.6 

^ 203 1.0 

49 a2 
439 2.2 

44 0.2 
226 1.1 
421 2.1 


992 5.2 
137 a7 
198 1.0 
76 a4 

6 - 
160 0.8 
391 2.1 


11 a2 

177 4J0 
53 1.2 
28 0.6 

4 ai 

8S 1.9 

2 ai 

42 1.0 

60 1.3 


87 Ol 
5.272 3.8 
734 09 
798 06 
77 Ol 
4.496 3.3 
122 Ol 
1.604 1.2 
1.969 1.4 


L914 44 
••158 04 
196 04 
60 01 
1,793 4.1 
12 

501 1.2 
861 2.0 


3399 02 
51,492 2.7 
23,644 U 
20,307 1.0 

7408 04 
56,718 3.0 

8460 04 
27322 14 
44.899 2.3 


484 02 

2,373 IJO 
791 03 
3,349 14 
1,128 09 
4.325 14 
617 03 
2,027 09 
1373 07 


Delaware 

Maryland 

District of Columbia 

Vlrinla 

WeicVb^ 

North Qwottat 

South Gatotbia 

Ceortia 

Florida 


2.106 10.4 


2.551 UA 


462 104 


15.159 11.1 


5.495 12.7 


244.049 12.7 


16,667 7.1 


TOTAL, 
SoutfiASamte 


lOS OJ 
21S 1.1 
127 0.6 

93 as 


too 0.5 
361 1.9 
89 0.5 
119 0.6 


63 1.4 
65 14 
10 a2 
21 as 


758 03 

361 03 
266 02 


270 06 
lt6A 1^ 

156 04 
193 04 


19.872 tJH 
27 J03 1 4 

14382 08 
4,395 02 


4,335 14 
4.290 14 
2,763 1.2 
8,106 34 


Kentucky 
Tennessee 
Alabama 
Mississippi 


540 2.7 


669 3.5 


159 3.6 


3.179 2.3 


1.292 2.9 


66452 34 


19.494 8.3 


TOTAL, 

EaetSovthCNilirf 


81 OA 
273 1.3 
366 1.8 
777 3.8 


125 0.7 
428 2.2 

152 as 

567 3.0 


44 1.0 
44 1.0 

36 as 

74 1.7 


163 Ol 
1.178 09 

586 04 
4.684 34 


46 01 

638 14 
187 04 
I1O8I 24 


8.202 04 
30.195 1.6 
15.141 OS 
71.829 3.7 


1.313 06 
4.036 1.7 
1375 07 
14329 6.0 


Arkansas 
Lottisiapa 
Oklahoma 
Texas 


1,497 lA 


1.272 6.7 


198 4.5 


6.611 4.8 


1.952 44 


125.367 64 


21,153 9.0 


TOTAL, 

WeesSotSiOaiM 


6 - 
49 OJ 
IS 0.1 
4S 0.2 
379 1.9 
85 OA 
235 U 
218 1.0 


"* 1 - 

243 1.3 
15 ai 
39 a2 

159 a8 


8 0.2 
24 05 

3 0.1 
72 1.6 

1 

14 03 
43 1.0 


"56 - 

111 01 
1.492 1.1 
73 Ol 

999 07 


558 r.3 

lUl %Xs 

428 1.0 


3.M5 02 
2^25 02 
3.444 02 
26.129 14 
191 

1? I^tfi A 0 
1 tJb^O W9 

18.276 1.0 


3,123 1.3 
U52 05 
369 04 
4 

9490 4.0 
13,017 94 

. t 1 Ac 

870 04 


Nevada 

Montana 

Idaho 

Wyomii« 

Colorado 

New Mexico 

Arizona 

Utah 


1.032 5.1 


457 2A 


165 3.7 


3.206 2.3 


1.087 24 


72.248 3.7 


29,259 124 


TOTAL, 
HooBtaM 


359 1.8 
269 1.3 

2«J14 11.4 

28 ai 


594 3.1 
205 1.1 
2.169 llA 
I - 

22 ai 


71 1.6 
44 1.0 
680 154 
3 Ol 
10 02 


3.958 2.9 
1.392 1.0 
19.089 13.9 
360 03 
705 05 


1.644 3.8 
686 1.6 
5349 124 

101 02 


38329 2.0 
24^79 1.3 
254.347 13.2 
4.960 03 
12350 07 


3,002 1.3 
1,809 OS 
14458 6.3 

8 - 


Waihingtott 

Oreeott 

Cwfornia 

Alaika 

Hawatt 


2.972 14.6 


2.991 15.8 


808 18,3 


25304 18.6 


7.980 18.4 


335365 174 


19.680 84 


TOTAL, 
Pteifk 
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